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PREFATORY NOTE. 



During his tenure of assistantship in the medical 
clinic of this place Dr. Jakob has busied himself in a 
most industrious manner with the normal and patho- 
logical anatomy of the nervous system. By means 
of moat approved methods of investigation he has 
prepared with great care a large collection of histo- 
l(^ical preparations, and these in connection with the 
uncommon talent for drawing which he possese^ have 
put him in a position to prepare the following atlas 
almost entirely from his own preparations and draw- 
ings. Every unprejudiced observer, will, like my- 
self, I think, be convinced that the iUustrationa con- 
vey everything that can bo thus given. They give 
the actual relationships in a clear and lucid manner, 
and they depict with great completeness nearly all the 
numerous important discoveries which the last dec- 
ades have brought forth. The student as well as the 
practical physician who wishes to keep in touch with 
the advance which medical science has made from 
the standpoint of the neurologist is given the oppor- 
tunity to get a clear conception of it by means of this 
atlas. The intimate relationship existing between 
clinical pathology on the one hand and normal and 
>athological anatomy on the other is scarcely so atrik- 
iU 
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ing or apparent in any other branch of medicine as 
in neuropathology. 

The individusd study of the normal anatomical and 
pathological conditions in connection with the illus- 
trations which are detailed but not schematic, true 
representations of the parts as they exist, cannot help 
but be of the greatest didactic use. 

I wish heartily for this work, which the author and 
publisher have spared no pains to make really good 
and useful, the success which it deserves. 

Dr. Strumpell. 



iv 




In the present atlas I have endeavored to portray 
important chapter of medicine, which usually re- 
* mains, for the majority of students and physicians of 
all classes, foreign and uuenjoyable. I have, more- 
over, endeavored to take this bugbear and to place its 
usual normal and pathological anatomy in compre- 
hensible form. It has been my idea to make easy of 
comprehension for students the ehnical picture as seen 
at the bedside and the processes on which it de- 
pends ; and at the same time to make it possible for the 
practical physician, who has heretofore stood aloof 
from this subject, to understand the meaning of the 
most important recently developed facts of neurology. 
To this end I have made the freest use of illustrations. 
In the text everything unnecessary, especially of a 
histological nature, I have relegated as much as pos- 
sible to the background. 

The illustrations serve substantially to show the 
facts as they actually exist, without being schematic. 
The exhibition of stained specimens was unavoidable. 
Unstained fresh specimens have, however, been used. 
The actual study of the fresh brain can be substituted 
by no form of illustration, even photographic. The 
teproductiou by lithographs and woodcuts has been 
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carried out with unuBual care under my entire con- 
trol. 

The 80iirce of the illustrations is the pathological 
collection which I have been able to arrange during 
my aasistanceship of several years in the medical 
clinic at Erlangen from its very rich material. I 
owe the greatest thanks to my fonner respected chief, 
Prof. Dr. Striimpell, for the liberality with which 
he has always placed everything necessary at my 
disposal, for the gracious support which he has al- 
ways given me in every question, and in this place 
I may be permitted to make acknowledgment of the 

A few words on the study of the illustrations : From 
the natural limitations of the pages devoted to text it 
has been impossible to describe in detail the wealth 
of facts which are to be seen in the figures. The pic- 
tures, therefore, contain decidedly more material than 
is explained. 

I consider this indeed rather an advantage for the 
book, I hope that by this means actual close study 
will be directed toward the illustrations. And thus 
the formation of an independently reached decision of 
the greatest importance for our science may be made 
possible. The material presented appears to me in a 
certain way to tend in that direction. 

Christfr. Jakob, 

, Summer, 1895. 
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At the request of the publishers I have undertaken 
t the translation of Jakob's explanatory atlas of the nor- 
mal and diseased histology of the nervous system 
because of my conviction that the volume would be 
of assistance to students and to the general prac- 
titioner. Feeling it a duty to the author, I have en- 
I deavored to make the translation a literal one so far 
i it was consistent witli lucidity. This has been 
done in .some instances at the expense of style and 
smoothness of diction. 

A word o£ explanation is necessary in reference to 
the translation of certain words. Gehimatamm, a 
word proposed by Meynert to include that part of the 
brain left after removal of the hemispheres and basal 
ganglia, has been rendered by the word brain stem 
as a rule, exceptionally by the word brain axis. 
Anlage, an extremely useful but untranslatable word 
which by some authors has been taken over bodily 
into English, has been translated in most instances by 
the word proton, a term suggested by Prof. B. Q. 
Wilder, and the paronymization protal — two eupho- 
nious, significant words. Occasionally it has been 
rendered " primary constituent," especially when used 
■in biological connection. Such descriptive words as 
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*'Faserendaufflplitterung" have been rendered liter- 
ally terminal arborization of fibres. 

I have also taken the liberty to use the terms ven- 
tral and dorsal for anterior and posterior in some in- 
stances, and likewise the now almost universally used 
terms caudal and cephalic for spinalwarts and cere- 
bralwarts. Editorial additions or comments are in 

brackets. 

Joseph Collins. 

New York, October 15, 1895. 
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BEGISTER OF THE PLATE ILLUSTRATIONS. 



I Plai 



1. Morphology of the Central Nervous Byetem. 
Plate 1. — Brain in (H'( it looked at from above after removal of the 
Loay coveriug. Hevealeil liy turning the first layer of 
pasteboard back. 

Schematic original drsvls); % natural slie. Enlarged 
from the plan ot a drawing by OeBtriiJn.T. 
; 3.— Ilorizontal cross aectiou of tbe cerebrum at tbe level 
of tbe corpus callosum after removal of the latter. The 
fornix to be turued back. 

Original dranlng % natural alze from n fresh brain. 

Plate 3,— Horizontal cross section ot tbe brain after laying open 
the tblrd ventricle. On tbe right tbe superficcs of the 
central ganglia cut through horizontally. 

Original drawing % natural site from a fresh braia. 

Plate 4. — Horizontal cross section of tbe brain tliTongb tbe cen- 
tral ganglia (on tbe left a higher section, on the right a 
deeper] . The cerebellum ia uncoverable. 

Original ilrawlog % natural size from a rre«U brain. 
Plate 5. — Base of the brain with nerves and blood-vessels. 
Original dmwing % natural alze (rom a fresh braiu. 

S. — Fig. 1. Base of tbe cerebrum after removal of brain 
stem and cerebellum. 

drawing from 



J 



p 


libt'of^S^^^^^^^^^^^^^^^H 


^^^P Fig. 2. Surrey of the projection tracts. ^^^^^H 
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Schematic original dranlDg. ^^^^H 


PiatbT.- 
Fig.l. 
Fig. 2. 
Pig. 3. 

Fig. 4 


Four frontal sections through the brain of a dog. 1 
Tlirough the frontal lohes. M 
Through the optic thalamus, Jl 

Through the occipital lobes. H 




Original photographs Iram rr«,h eroas-s^.ionB. ■ 


Plate 8,- 
rig. 1 
Pig. 3 
Fig. 3 


Frontal sections through tlic human brain stem. ^M 
Section through the middle of the third ventricle. H 

Through the posterior end of the third ventricle. 




Three origliial pholographB from proparatloiiB. Natural 
Hlie. 


Plate 9.— Ten frontal aections through tlie brain stem ; paraliel J 
cross sections of the meJulla nnd spinal cord. 1 
Fig. 1. Anterior corpora quadrigemina. J 
Fig. 3. Middle of poDB. J 
Pig. 3. Middle of fourth ventricle. M 
Fig. 4. Bectiou below 8. H 
Fig. 5. Posterior end of the fourth ventricle V 
Fig. 6. Medulla oblongata below the fourth ventricle. T 
Pig. 7. Pyramidal decuflnation. 
Pig. 8. Cross section of cervical cord. 
Fig. 9. Cross section of dorsal cord. 
Fig. 10. Cross section of lumbar cord. 




Original piiotograplia from author'a preparatLoDs. Natiiral 
size. 


Plate 10.— Croaa section of spinal cord in Htu. 

Fig. 1. Cervical cord of a child, with Its roots in the spinal 
canal. 




Original pliotograph from personn! preparation. Mftgniaad 
K}i diBiueteCB. Hedullnry Bheath stainiitg. 


1 Fig. 3 


Lumbar cord and membranes of a new -bom. 
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10 diameters. 
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LIBT OP PLATES. 

2. Developmeot and Structure of the Iferroua System. 

Irm 11. — Embryonal primary conHtituent, 
Fig. 1. Cross section through the medullary grooves (sche- 
matic) . 
Fig, 2. Cross section through the medullary channel. 
Fig. 3. Cross section of the spinal cord at second month 
(carmine stain). 
Fig. 4, Cross section o'. 
Jary sheath stain). 
Fig, 5 Peripheral ner 
stain). 
Original drawin 
rrom Uerkel. 
aratinna, 
Plate 12. — Embryonal development of the brain. 
Fig. 1. Brain and spinal cord, third month. 
Fig. 3. Base of brain, fourth month. 
Fig. 3. Median surface of brtiln, fourth month. 
Fig. 4, Extcroal surface of the cerebral homlspheri 
month. 

Original drairing. Natural site. 
iTB 13.— Structure of neurons. 

Fig. 1, Pyramidal cells (metallic Impregnation after Golgi). 
Fig, 3, Anterior horn cells (atain ob above). Both magnl- 

Qed TOO diameters. 
Fig. 3, Scheme of the constructiun of the n 
tracts and their connections, 

Orlgtoal drotrlcgs. 



' spinal cord at eighth month (medul- 
'e of a new-born (medullary sheath 

ge CFig. 1 with tba use of au illustration 
Fig. 2, one froto His) from personal prep- 
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UTB 14 — Ganglion cells. 
Fig, 1. a-d, original drawings from preparation 

Htain. X 400. 
Pig. 3, Purklnje'a cells (Cajal's method). 
Original pbotographs, x ^^50. 
_Flatk IB. — Cerebral coit«x. 

Fig. 1. Cortex of frontal lobe. 
Pig, 3. Cortes of occipital lobe. 

Original dravingB based on an IIIuBtration 
On tlie lafl methfl blue eIhId. on the i 
Bbeath Btoin, 
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LIST OP PISTES. 

Pu>TB 16, — Brain cortex and meniDges, 
Pig. 1. Scheme of the membranes. 
Fig. 3. CLoroid plexus, x ISO, carmine staining. 
Fig. 3. Photograpli of a cerebral convolutiOD (medullary 

Bheath etain). X ^0 diameters. 
Fig. 4. Cerebellar cortex (combined medullary abeath and 

methyl blue staiuiog) . x 60 diamotera. 

Original drawlnge, persouflJ preparBtioafl. 

Plate 17. — Cerebral coDvolutiouB, 

Pigs. 1 and 2. Schematic representation of the convolutions 
on the external and median surface of the hemispheres. 

Original drawings. 

Fig. S. The cortical centres and their location in the skull 

Original drawing based on a Hgure from Vierordt. 

Plate IS.^Fig. 1. The position of the motor and sensory nuclei 
in the brain stem and medulla. 

Schematic original drawings. 

Fig. 3. a~d, nerve fibre, longitudinal and cross aection. a, 
b, medullary sbeatb stain, e, freshly isolated, d, nigrosin 
staining. 
Plate 19. — Lateral tiow of the medulla ; representation of the 
nuclei of the cranial nerves. 

Schematic ortglQal dmwingH based OD a repreeentatloD 

Plate 30. — The nuclear layer of the motorlal peripheral neurons. 
Fig. 1. Section through the hypoglossal nucleus. 
Fig, 3. Section through anterior horn of the cervical cord. 

Original drawing from CoombtuBd) preparations Htained 
wllili carmine medullary sheatli Btain. x 3C0 diatneturB. 

Plate 21, Fig, 1. Cross section through the white medullarv 
substance of the spinal cord (lateral columns). 
Fig, 3, Section through a spinal ganglion. 
Fig, 3, Section through a peripheral nerve. 

Original drawings. Fig, ], carmine preparation; Fig. 3. 
uannine and medullarj-Bheath stain; Fig. 3, nlgroaln 
staining. X 300 dioniDlon. 
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E 39. — Fig. 1. Scbematic representation of the composition 
of the cervical und lumbar cord. 

;. 3. Central canal in lumbar region (medallary sheath 
Btain) 

Original drawings. Fig. S X IGD dlnmeterH. 



Topographical Anatomy of th.e IferToiu Syatem. 
Serial Sectiona. Schematic. 

Plate 33.— Division of the brain and spinal-cord nervea. 

Origioal draving with JS6 In part of llluBtrSitioa from 
Goivara. 
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Plate 34. — Fig. 1. Frontal section through the knee of (lie cor- 
pus calloauni and the anterior portion of the frontal lobes. 
Fig. 3. Frontal section through the head of the caudate 
nucleus. 



PI.ATB 35. — Fig. 1. Frontal section in the middle of the septum 
pellucidum. 
Fig. 3. Section through tlie anterior commiasuie. 
Plate 3Q. — Fig. I. Frontal section t}ehjud the anterior com- 
mlssure. 
Fig. 3. Section through tlie knee of the internal capsule. 
Plate 37.— Fig. 1. Section through the middle comraisaure. 

Fig. 2. Section through the central convolutions. 
Plate 3S.— Fig. 1. Section through the parietal lobes. 
Fig. 8. Section through the parietal lobes. 
: SB.— Fig. 1. Frontal section through the posterior polo 
of tiie occipital lohes. 
Fig. 3. Horizontal section through the aupcrflces of the cor- 
pus striatum and thalamus opticus. 
Fig. 3, Horizontal section through the cerebra! peduncles. 
Plate 30.— Horizontalsection through the entire left hemisphere 

in the middle of the central ganglia. 
Plate 81.- Horiiontal section through the base of tbe brain 
stem of tlie left hemisphere. 
xiii 
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LIST OP PLATES. 

Plate 83.— Fig. 1. Right angle sectioa thfough the anterior 
corpora quadrigetnina. 
Fig. 3, Section betweou anterior and posterior corpora quad- 
rigemina. 

X in diameters, and tlie eame lor the toUonliie. 

PiATK SB. — Fig. 1. Section tlirough the posterior corpora quad- 
rigemina. 
Fig. 3. Section through the middle of the pons. 
Plate 84. — Fig. 1. BoctioQ through the posterior end of the 

Pig. S. Section through the acuaticua nuclei. 
Plate 35. — Fig. 1. Section through tlie riglit optic thalamus at 
the level of the middle o 



Fig. 2. Sectioa through the anterior quadrigeminal body of 
the left side. 
Plate 36.— Fig. 1. Sectioa through the tegaientum befaiad the 
posterior quadrigeminal bodies. 
Fig. 2. Section through the auclcar region of the trigeminus. 
Plate 37. — Fig. 1, Section through the right tegmental region 
at the level of the facial nucleus. 
Fig. 2. Section through the Tentralacousticnucleuaoftheleft 

Plate 38.— Pig. 1. Section through the cerebellum and medulla 
oblongata (slightly magnified). 
Pig. 3. Section through the medulla oblongata at the level 
of the glosBO-pbarjngeBl- vagus nuclei. 
Fig. a. X ]0 dlametara, 

Plate 39.— Fig. 1. Section tbrougli the medulla, at the level of 
the tenth and twelfth nuclei. 
Fig. 2. Section through the calamus Bcriptorlus of the 
medulla, x 10 diameters. 

OriglQal phologritpbs: Che folloictDg Kkewlse, 
Plate 40. — Fig. 1. Section through the nuclei of the posterior 
oolumsB. 
Fig. 3. Section through the mednlla belo^T the olives. 
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PiiATE 41, — SflctJon Imtnedtatelf above the pjtsmidal decuBsa- 



tion. 



Pig. 2. Bection through the pyramidal decussatioD. 
Plate 43. — Fig. 1. Section through the cervical cord 
atelf below the pyramidal decussation. 
Fig. 2. Section through the upper cervical cord at the level 
of the fourth cervical nervea. 
PijiTE 43. — Fig. 1. Section through the cervical enlargement at 
the level of the seventh cervical nerves. 
Fig. S. Section through the upper dorsal cord at the level of 

the third dorsal nervea. 
Fig, 3. Section through the mid-doraal cord level of sixth 

PI.ATB 44.— Pig. 1. Hection through the lower dorsal cord level 
of eleventh dorsal nerves. 
Fig. 2. Section through upper lumbar cord level of second 

lumbar nervea. 
Fig. 8. Section through lower lumbar cord level of fourth 
lumbar nervea. 
PhATE 43. — Fig. 1. Section through middle sacral cord level of 
third sacral nerves. 
Fig. 3. Section through the cauda equina and the conus 

medullar is. 
Fig. 3. Section through the posterior root and a spinal 
ganglion from the lumbar region. 
Fig. a, X so diameters. 
ULTE 4S.— Fig. 1. Crosssection through the entire sciatic nerve 
it its upper point of exit. 
Fig. S. Longitudinal section of a nerve bundle from the 

sciatic. 
Fig. 8. A nerve bundle from the sciatic oo cross section. 
Pig. 4. Cross section from the normal optic nerve. 

Fig. 1, >; 10 diameters. FigilandS, X 160 difttaeterB. Fig. 
4, X 10 dlamelerB. 

UTB 47. The gray substance of the spinal cord. 
Fig. 1, One-half of cervical cord. 
Fig- 2. One-half of lumbar cord. 

Original pboUgrophi. Uedullair sheath stalDlng. X 3tt 
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LIST OF PLATES. 

Pi^TB 48.— Medullary Bbeath proton In the fstal brain. 
Figs, 1 and 3, Cross section of the thalamus. 
Fig. 3, Anterior corpora quadrigemiDa. 
Fig. 4. Pone. 
Fig. 5. Medulla. 

Ortgtual pbotographH tram upstaiued prepa 



Pig. 6. Cervical cord. 

Fig. 7. Dorsal cord of a new-borr 

Medullary Eheath Btalnlng. 
Pi^iTB 40. — Scheme of tha course of the more in 
OrlBinal drawlDBS; likewise the rolloninB 

Platb 50.— PigB. 1 and 2. CompoHition of crusta aad I«gmen- 

Fig. S. Schematic representation of the course of the n 

oculi and optic nerves. 
Plats 61. — Figs. 1 and 2. Scheme of thecoiireeof thepyTamldat 

and sensory tracts. 
Pig. 8. Scheme of the sensory nerve tracts. 

Fig. 3 with uEe of an illUBtratlOD from L 
Plate 53. — Scheme of the course of the fibres in the spinal 
Original drawiaB. 



4. General PatlLological Anatomy of the NervouE 
System. 

Spaial Pathology of the Brain. 

Plate 53. — Secondary diseases of the nervous system. 

Fig. 1. Section through the brain cortex and meniiiges in 

epidemic ccrebro -spinal meningitis. 
Fig, 3, Cerebral cortex in tubercular meningitis. 
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Platb 64.— Pig, 1. Aneurism In the region of the quadrigeminal 1 
bodiea | 




Caries of the body of a vertebra. M 
Tumor of tlie spinal dura. 1 


B 


(Oombined medullary sheatb-camiiiie BtniDlDK.) 1 


PUTR 55.- 


-Fig. 7. Gumma of the base of the brain. Prlmarr 1 


diaeases of the iierTous system. | 


Fig. 3. 

from 

Pig. 3 

Plate 56.- 


Section through the anterior horn of the cervical cord 1 
a ciae of apinal muscular atrophy. 1 
Scheme of aecondarj degeneration in the spinal cord. 1 
-Disease of the ganglion cells. 


Plate 67.- 


-Disease of the nerve fibres. 


Pl^TB 58.- 


-Disease of the mascle fibres. 




in great part from the ErlangeD Medical Clinlo except 


Plate 69.- 
Fig. 3. 


Hemorrhagic focus in the brain stem. 




Original photograplig. Cases from the Erlangea HediDal 
Clinlo. ^^^M 


Plate 60. 

; Pig- a 

^B FIg.3 


-Fig. 1. Corpora qiiadrigemina focus. ^^^H 
Solitary tubercle in the medulla. ^^^H 
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Original photographa from my proparatlonB. MsdullMy 
BheallistainlogX Bto S.dtaiuelerB. Casea trom me Erlan- 
gen Uedical Ollnlc 
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All original photographa, pereonal preparation. Mednl- 
larr-Bheatb staining. Cases from the Erlangea Uedlcoi 
Clinfo. 


Plate 61. 
radi 


-Figa. 1 and 9. Total degeneration of the corona 

la to the cruBta. 


Fig. 3 


Degeneration of the ft«ntal pontine tract In the 


cruBta. ■ 


^Rlatb 63. -Figs. 1 and 2. Pyramid al-t»ot degeneration In Uw ^^^B 
I^K cruata aud Internal capsule. ^^^^H 

^^1 ^^^M 
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Platk 63. — Fig. 1. Pyramidal -tract degeneration in the pons. 
Fig. 3. Tegmental-tract degeneration in the frontal tegmen- 

Platb M.— Fig. 1. Pyramidal -tract degeneration in the medalla 

oblongata. 
Fig. 3. Degeneration in the mcduUa in a case of infantile 

paraljBia. 
Fig. 3, Fillet degeneration in the medulla oblongata. 
Plate 65. — Descending total degeneration of the pyramidal tract 

In the spinal cord, cervical, dorsal, lumbar, and sacral, 

from a focus in tbe brain. 
Plate 66. — Descending degeneration in tbe spinal cord from a 

spinal-cord focus. 



Plate 67. — Ascendiog degeneration 

Plate 68. — Ascending degeneration 

and the medulla oblongata. 



1 tbe spinal cord. 

n the upper cervical cord 



Special Pathology of the Spinal Cord and the 
Peripheral Nerves. 

Plate 69. — Forma of myelitis. 

Fig. I. Column-form, acute (toxic) myelitis, cervical cord. 
Fig. 2. Chronic {syphilitic) myelitis, dorsal cord. 
Fig. 3. "Compression myelitis. " 

Original pliotograpliB, persooal preparatloD, medullar; 

IEheath stalninB. x 8 to )0 diameters. All caseH, whon 
not atherwise stated, from tbe Erlsngeu lUedlotl Clinic. 
Plate 70. Syritigomyelia. 
Fig. 1. Hydromyelia, upper dorsal cord. 
Figs. 3 and 3. Sections through the upper and middle cer- 
vical cord from another case of syriDgorayelia. 
rig. ! from one ot Processor v. Btrfimpel'B prBpuratlons, 
Csnnlne staining. 
Platb 71. — Uultiple cerebro-apinal sclerosis. 
Fig. 1. Longitudinal section of dorsal spinal cord. 
FlgB. 9 and 4. Cross section through dorsal cord. 
Fig. 8. Section through the cerebral cortex. 
■ a 
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s 73.— Fig. 1, Sec ti oa tb rough tlie iDednlla oblongata from 
aeof chronic buibarparnljsiswithomyotropliic lalerai 
Bclerosis. 
Fig. 2. Section tbrougb tbe posterior cervical cord ia amjo- 

tiopliic kternl sclerosis. 
Fig. 3. Section tlirougb the aoterioT bom of the cerricRl 
cord in spinal muscular atrophy (Profesaor v. StrUmpell) . 
PiATE 13.— Tabes. 

Fig. 1. Section tbrougli lower doraol cord. 
Fig. 2. Section through upper lumbar cord of aoother case. 
Fig. 8. Section through lower lumbar cord of a third case. 
:^TK 74. — Fig. 1. Section through the cervical cord of the 
case Plate 73, Fig. 1. 
Fig. 3. Section through the cervical cord : case at ao-called 

"high tabea. " 
Fig. 3. Section through the upper cervical cord {tabes com- 
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MORPHOLOGY OF THE CENTRAL 
NERVOUS SYSTEM. 



(Section I. of Tbxtual Pabt.) 




Explanation of Plate 7. 

ipEONTAL Sections through the Brain oi- a Doq. 

(PLotograpli3.) 

recognizes without further explanation the central 

medullary aubatance and the convoluted gray eor- 

of the cerebral hemiapherca. The medullary sub- 

loe IB, comparatively, much smaller than in man aud 

convolutions less niimeroua. 

—Section tkrotiffh the Frontal Lobes. 
includes the head of the nucleus caudatus which 
projects into the lateral ventricles. The corpus eallosum 
and the septum pellucidum beneath it are easily recog- 
niiied, as well as the section of the anterior limb of the 
internal capsule (c. /.), The optic nerve is seen on the 
base and laterally to it the olfactory lobe (atrophied in 
man). 

Fig. 2. — Section throur/h the Optie Thalamus (Th), 
and the Tail of the Caudate Nucleus. 

Under the corpna eallosum (e.c.) the fornix (fim- 
bria). Lateral from the thalamus the internal capsule 
(posterior limb), which passes downward to the peduncle 
(optic tract, corpora candicantia, inferior horn of lateral 
ventricle in temporal lobe). 

Fig. 3. — Section through the Cerebral PeduTicle. 
The crusta {Fed.) is liberated from its hemispherical 
envelopment, above is the tegmental area separated from 
the former by the substantia nigra. Laterally from 
this the optic tract ends in the lateral geniculate body 
fj/.l.) and the pulvinar. The third ventricle extends 
under the posterior commissure as the aqueduct of 
~ 'lyias. 

FlQ. 4. — Section through the Occipital Lobes, the Cere- 
lum, and the Medulla. 

la the occipital lobes the posterior horn of the lateral 
ventricle; under the same, in the middle, the worm of 
the cerebellum ; laterally therefrom parts of the hemi- 
spheres. In the mednlla cross -section, brachium con- 
janctivum, floor of the fourth ventricle, fillet ai'ea, 
lids, and pons fibres. 
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Explanation of Plate 8, 

Fkontal Sections thkough the Human Brajn Stem, 
(Photographs.) 

Fig. 1. — Section through ike Third Ventricle. 

The corpus callosuui, fornix, and lateral ventricle are 
recognized at once, likewise the croaa section of the cau- 
date nucleus and beneath it the optic thalamus (ante- 
rior tubercle). Laterally therefrom the internal capsule 
(posterior limb). Further outward and below the in- 
ternal portion of the lenticular nucleus (globus pallidus) 
and a smaller portion of the out«r segment (putamen). 
The optic tract, the mammillary bodies, the lowest convo- 
lutions of the temporal lobes (uncus of the hippocampal 
gyrus), nucleus amygdale (n.a.), and the inferior horn 
of the lateral ventricle. 

Fig. 2. — Section Behind 1 through the Mammillary 
Bodies. 

Corpus callosum, fornix, thalamus, caudate nucleus, 
internal capsule (which has in part passed out as pedun- 
cle), lateral ventricle, third ventricle, hippocampal con- 
volution, optic tract. 

To the corpora eandicantia there passes a bundle from 
the thalami. The descending pillars of the fornix end 
laterally in the corpora eandicantia. 

Fig. 3, — Section through the Posterior Emd of the 
Third Ventricle, shortly before its transition to the 
aqueduct; the subthalamic region lying beneath the 
optic thalami comes in contact with the other side. 
Here are the red nucleus, the fillet (lemniscus), and the 
subthalamic body. 

The cnista is free, and laterally to it is the lateral 
geniculate body with the beginning of the optic tract. 



Explanation of Plate 9. 

Frontal Section through the Bkain Stem; Pab- 

ALLEL Tea ss VERSE Sections through the Me- 

DiHuLA AND Spinal Cokd. 

(Photographs.) 

Fio. 1. — Seetion thmugh the Anterior Corpora Quadrigemina. 

Under the corpora quadrigcniiiio Jjo) the aqueduct of Syl- 
vius (A), and luterally to it tlie medial geniculate body {gm) \ 
under It the tegmentum of the cerebral peduncles (red nucleus 
[nr\), Qllot (£), und beneath (subBtantla nigra) the cruata. Be- 
neath the aqueduct lies the motor oculi nucleus. 

Fi8. 2. —Seetion thi-o^igh iKe Middle of the Pom. 

The larger portion of the fibres of the peduncles end parti; in 
the pona, while a part course farther as pyramidal tracts, covered 
by the transverse fibres of the pona. The bracbium canjunctivum 
passes out of tliB tcgmeutuui as the lateral wall of the fourtli ven- 
tricle (which results from enlargement of the aqueduct of Syl- 
vius) to the cerebellum. The roof of the fourth ventricle is 
formed by the vermis of the cerebelluoi, and laterally therefrom 
are the coavolutiona of tbe cerebellar hemispheres. 

Fid, S. ^Section through the Fourth Yentride at the Feeterim- 
End of the Pona. 

For tbe boundaries of the ventricle see 3. The brachium con- 

(unctivum has entered the medullary substance of the cerebel- 
um. The hemispheres of the cerebellum (Cb) are out through 
at their greatest diameter (medullary and cortical substance). 
The pyramids {Py) pass out free : caudad therefrom the prin- 
cipal tegmeutal region (fillet, facial nucleus, auditory). 

Fig. \.— Seetion Imtaediatdy Behind Fig. S. 

The processus cerebelli ad medullam oblongatam {restlform 
bodies), which in the previous section united cerebellum and 
medulla, have here passed entirely out of the medullary sub- 
gtonce ; within the medullary substance is seen the corpus denta- 
turn cerebelli (ed); close by the pyramids (/^) arc the olives. 
Uvula (u) of the worm (a), nodules (h) (lobes of the cerebellum). 

Pio. 5.— Seetion through the Bttterior Biul of the Floor of the 
F^rth Ventricle { Calamva Scriploriiia) . 

The restlform bodies approach each other. Tbe cerebellum Is 
partly cut away. 

Fto. 6. —Se^ion through the Nudei of the Posterior Cofumn*, 
Fatting through the Bentiform Bodies ifp). Pyramids (i>), 
proton of lateral columns (Jl) . 

Fig. 7. — fieetion at the Letel of the J^ramidalOeeuenation. 

Bach pyramid passes in great part into ibe lateral column of 
the opposite side. 

Pigs. 8, 9, 10. — Tranaverte Seetimi of Cereieai Oord, D»r»al 
Cord, and Lamiiar Oord. 

H-ihaped central gray substance (anterior horn, poaterior 
born) . The anterior, lateral, posterior columns [fit, jl, J^) moke 
up the white aubstauce. 



Explanation of Plate 10. 

Transverse Section of the Spinal Cord hi Situ. 



The usually white medullary substance ia here colored 
black (medullary sheath stain). See text, Section VI. 

FiQ. 1, — A Child's Cervical Cord with its Ruotit in the 
Spinal Canal (Sixth Cervical Vertebra and its Environs). 

In the bony capsule within the three membranes lies 
the cord. The anterior roots (r</) (niotorial) spring 
from the anterior half of the central gray aubstance (an- 
terior horn) i the posterior roots (rp) (sensory) pass 
out from the posterior horns. Both roots, after uniting, 
pass out of the spinal canal through the interveitebral 
foramen (/i) as a peripheral nerve (JVp). The pos- 
terior root forms in the foramen the intervertebral 
ganglion (spinal) i</i). Body of vertebra (v), spinous 
process {Pr sp), spinal arch {av). 

Fio. 2. — Litmbar Cord of a Newborn within its Mem- 
tyyunea. 

The outer envelope is the dura {dm) surrounded 
by Breschet'a plesus of veins {Plv), the middle the 
arachnoid («/■) ; both of these surround the cord loosely. 
The inner envelope, the pia {pvi), with the blood-vessels 
surrounds the cord closely. In tjie subarachnoidal and 
subdural space is the cerebro-spina! fluid. The anterior 
(i-a) and posterior {i-p) roots pass off from the spinal cord 
in the lumbar region at a lower level than that at which 
they arise. They then unite and surround the cord 
(on deeper transverse sections called the cauda equina). 
In the spinal cord the deep anterior longitudinal sul- 
cus (so), the shallow posterior longitudinal sulcus, (the 
anterior columns {fa), the lateral columns (ff), the 
posterior columns {fp), in the middle the central oanal, 
(cc) (the continuation of the ventricular system), an- 
terior and posterior commissures between the anterior 
horn {Co) and posterior horn (Cp) of the gray (central) 
substance. 
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Explanation of Plate 11. 

Embktonai. Pkimaky Constituent of the Organs. 

Fig. 1. — Cross Section through the Medullary Groove, 

The medullary groove (yellow) originates from the 
ectoderm ; laterally from it ia the ganglionic ledge, from 
the cells of which the intervertebral ganglia develop. 

Mesoderm (blue), chorda doraalia (brown), eatoderm 
(red), ectoderm. 

Pig. 2. — Cross Section through the Medullary Chan- 
nel {First Month). 

The stratified epithelial cells of the walls differentiate 
themselves into spongioblasts (connective- tissue frame- 
wort substance) and neuroblasts (nervous substance 
proper). From the neuroblasts develop ventrally (an- 
terior horn proton) the anterior motor roots (ra), dor- 
sally from the cells of the spinal ganglia (y*) the sen- 
sory posterior roots grown into the dorsal part of the 
cord. 

Fib, 3.~Cross Section of the Spinal Cord (Second 
Month). 

Differentiation of the central and peripheral gray sub- 
stance and later of the white substance. The anterior 
and posterior homa have formed. The roots as in 
Fig. 2. 

Fig. 4.— Cross Section of Spinal Cord {Eighth Month) . 

Medullation of nerve fibres in the white substance fol- 
lows successively and systematically. Tracts which are 
anatomically or functionally in relationship become me- 
dollated simultaneously. 

The pyramidal tra:Cts (I'l/.l. andn.) are the last to get 
their medullary sheaths. In the figure the fibres that 
are clothed with medullary aheaths are stained black, 
the non-medu Hated are unstained, brownish. 

Fig. 5. — Peripheral Nerve of a Newborn. 

Here likewise the medullation of individual nerve 
fibres occurs successively, but in its entirety earlier than 

I in the central organs. The medullary proton is here not 

^^^■ftmplete and definite. 

t- 
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Explanation of Plate 12. 
Ehbbtonaj. Devbxopment of the Brain- 
Fig. 1. — Brain and Spinal Cord at the Third. Month. 
The fore-brain (/) has already separated into the two 
hemispheres aad covera the tween and middle bcain 

(III) (optic thalamus and corpora quadrigemina pro- 
ton). Behind is the hind-brain (cerebellar proton) 

(IV) and the after-brain (medulla proton) (F). In 
the spinal cord the two enlargements (cervical and lum- 
bar swellings) {J. C. and J.L.). 

Fig. 2.— Base of the Brain {Fourth Month). 

The frontal (L.f.) and the temporal lobes (L.t.) are 
separated by the Sylvian groove. Chiasm (//), cere- 
bral peduncle (Pe), pons (P) are recognizable. Cere- 
bellum (C'6), pyramids (Pi/), olives (o). 

Fig. 3. — Median Surface of Brain {Fourth Month). 

Corpus callosum (c.c.) and fornix are clearly reoog- 
aizable ; anteriorly between the two the septum pelluci- 
dnm (S.p.). The descending pillar of the fornix bends 
pc^teriorly and ends in the mammillary body. 

Fio. 4. — Outer Surface of a Cerebral Hemisphere 
{Fifth Month). 

On the surface begins the fissure formation. From 
above downward is the central sulcus of Bolando. 
From below the fossa of Sylvius (f-S.), in the depths of 
which is the proton (J) of the island of Eeil. 

For further reference to medullary sheath proton in 
the brain see Plate 48. 

IQ 
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Explanation of Plate 13. 

Steuctorb of the Nkitkons. 

Every neuron consists of a nerve cell and its prolon- 
gations, the nerve fibres. The cells as well as the 
fibres ramify multifarlonaly. Two kinds of neurons 
are differentiated : neurons with a long nerve prolonga- 
tion (Deiters' type) and neurons with only a short nerve 
prolongation (Golgi's type). 

Fie, l.-^A Pyramidal Ceil from, the Cerebral CoHex 
with its Tree-like Ram,ifioation8 (dendrites, protoplasmic 
prolongations) . Each prolongation has numerous bnd- 
like, later twig-like branches. The never fibre of the 
cell (axia-eyl index prolongation) is designated by a. Its 
terminal ramification occurs remotely in another part of 
the brain or of the spinal cord and takes place around 
the dendrites of ganglion cells there lying (Fig. 2) , 
This neuron has its course and termination entirely in 
the central organ, and is therefore called central neuron. 

Fig, 2 represents a ganglion cell with its dendrites 
from the anterior horn of the spinal cord. Between its 
ramifications lies the terminal arborization of the nerve 
fibi-e of the central neurons. Its nerve fibre («, axis- 
cylinder prolongation) after a short course goes out of 
the central organ and passes peripherally to the soft parts. 
The entire neuron is therefore called peripheral neuron. 

Fici. 3 shows the schematic construction of the nerve 
tracts from such neurons, especially the motorial (cor- 
tieo-muscular tract) is represented above. The central 
motor neuron (red) splits up around the cells of the 
peripheral neuron (blue) ; simDarly in pai't is the con- 
struction of the sensory tract from two neurons. The 
peripheral sensory neuron (brown) ends with its ter- 
minal arborization around the cells of the central sensory 
neurons (green). The fibre arborization in the centrif- 
ngally conducting motorial neurons occurs in a reverse 
sense to that of centripetally conducting sensory. 
These are then the projection tracts. In the cortex are 
other neurons (green), which from their manifold connec- 
tions are called the association tracts. (More in text, 
Section III.). 



Explanation of Plate 14. 
Oajtguox Cxlls. 

Keire cells (ganglicm cella) are always fband o(d- 
lected in more or less la^e groups in certain plaeetf 
called gray substance. They are most nnmeroos in thtf 
cortex, the central ganglia (corpus striatum, Le., can-' 
date and leDticnlar nucleus and the optic thalamus), cor- 
pora quadrigemisa, corpora geniculata, in the nucleaci 
layer of the tegmentum, and in the gray substaneft 
around the ventricles from the aqueduct of Sylvias on, 
which substance continued into the spinal cord is known 
as the anterior and posterior horns. 

Fio- 1. Only the coarser prolongations of the cells ars 
recognized by this method of staining; in spite of that 
the cell structure is in these clearer, many having pig* 
ment. 

(a) Pyramidal cells of the cerebral cortex. 

(A) Cells from the anterior horn of the spinal cord. 

(e) Cells from Goll's and Biu;dach's nuclei {nuclei of 
the posterior columns) . 

(d) Cells from the substantia nigra, strong pigmen- 
tation. 

(e) Cells from the corpus striatum, optic thalamus, 
elauHtnun. 

Fiu. 2. A cell of Purkinje from the cerebellar cortex. 
These cells have the richest ramifications of all the gan- 
glion ('«lla (photograph) . 

The significance of the dendrites is not yet completely 
understood (whether of purely nervous or nutritive 
function) . 
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Explanation of Plate 16. 
Cerebeal Coetkx. 

Fig. 1 thinnt the Gm'ta: ofOi« Frontal icAe. 

Fis. ^ that of tlie-Oeeipital IdAe, Strong MagnijicaHim. 

The left half shows the pyramidal cellH, the right half the fibres ; 
both naturaUy lie together. 

The cortex of different convolutions iaindividiiftlly very differ- 
ently constructed, nevertheless there is certain uniformity in the 
proton. 

In tlio layer of pyramidal cells there can be differentiated an 
upper, a middle, and an inferior formation. The upper layer 
has small pyramidal cells • the middle, large, contiguous, pyram- 
idal cells. The largest cells are found In the middle layer (es- 
pecially numerous in the frontal lobes and the central convolu* 
tions) . In the inferior layer smaller celts arc found. 

The nonre fibres of the cortex come in part from the medullary 
Bubstunce of the hemispberes (5) . These radiate, arranged in 
tufts, to a straight manner into the cortex, and end somewhat 
beyond the middle of the cortes (radii). Between these verti- 
cally passing medullary fibres ramify the remaining cortical 
Sbrea, thus forming the tangential fibre network, a part (S, S) 
aboTe the radiations, atiperradiating, a part within the radia- 
tion, interrad latin g network. Between both (3) is a thick collec- 
tion of tangential fibres (Baillarger's, Gennaii's, Vic d'Azyr's 
layer) , which can be seen distinctly in the cortex of the cuneus. 
Cli>Ee beneath the pla and very superficially lies (1) a layer of 
sucli tangential fibres. In it and beneath it until the first pyram- 
idal cell layer is reached and also in that are seen small oval 
cells (not represented) with short ramifications {Oolgi'a type). 
, All these cells are built on the same principle as the pyramidal 
Is of Plata 13, Pig. 1, The entire tangential network is in 

mnection with the ramification of the fibres. The medullary 

idlationa are in connection in part in the cortex with the nerve 

'fibres that arise from its cells, and in part with fibres that come 

froni one portion of the cortex and undergo terminal distribution 

in another, such as the projection and association fibres. Bee 

^ scheme of the cortes, Plato 13, 3, above. 

IS 



Explanation of Plate 16. 
Bkain Cortex and Meninges. 

Fig. 1. — Scheme of the Meninges. 

The dura (rf) eovera over the bony tables of the 
skull cap, representing the position of the periosteum; 
beneath is the subdural lymph space. 

The araclmoid (a) united with the pia (j>) lies in 
close apposition to the brain and passes over the fis- 
sures like a bridge. Beneath it the multi-compartment 
subarachnoidal space in communication with the ven- 
tricular cavity, which forms large spaces (filled with 
cerebro-spinal fluid) at the base in front of and behind 
the pons. The Pacchionian bodies (G.P.) are connec- 
tive-tissue accumulations of the arachnoid. The pia in- 
ternally lies on the outer Jayer of the cortex and sends 
its blood-vessels in all over the cortical substance; 
it covers, therefore, tlie sulci as well. Beneath the 
brain cortex is the radiating medullary substance. 

Fig. 2 is a tuft of the choroid plexus, the vascular 
prolongation of pia in the third ventricle. One recog- 
nizes the cubical epithelium and the vessel walls. 

Fig. 3 is a single small cortical convolution from the 
cerebrum ; the radiating black-colored (naturally white 
substance) medullaiy substance passes out bush-like 
(photogi'aph) . 

Fig. 4 shows the somewhat different architecture of 
the cortex of the cerebellum compared with the cortex of 
cerebmm. The medullary substance (black) is smaller. 
Close to it is the nuclear layer (zona granulosa) of the 
cortex (blue), on the borders of which are the large 
cells of Purkinje (see Plate 14, Fig. 2). Their rami- 
fications form, as well as those of other medullary fibres, 
the molecular zone of the surface. Then comes the 
closely apposed pia covering (not represented). A por- 
tion of the nuclear cells form (not represented) short 
ramifications of Golgi's tyjiQ. 
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Explanation of Plate 17. 

Cekkkkal Convolutions. 

Figs. 1 and 3 show sdiematicaUy the coovolutions 
'and flasuies of the cortex on the external and median 
surfaces of the hemi spheres. 

One recognizes in the frontal lobe three gyri. (gyrua 
superior, middle, and infeiior). These are separated 
hehind from the central convolutions (y. eentr. ant. and 
post.) by the central sulcus. On the median surface 
the lobua centralis is called the lobus paracentral is. 
The parietal lobe divides into the upper and lower group 
of convolutions, the lower being divided into the supra- 
marginal gyrus, the angular gyrus, and the pre-occipital, 
and on the median surface the upper appears as the pre- 
cuneus. In the occipital lobes are the three gyri — 
superior, middle, and inferior— and on the median sur- 
face there is found the cuoeus and lingula separated by 
the calcarine fissure. The temporal lobes have likewise 
three convolutions, the superior, middle, and inferior 
gyri, and on the median surface the temporo-occipital 
gyrus borders on the inferior marginal convolution, the 
gyrus hippocampus (anteriorly the uncus). The upper 
marginal convolution constitutes the gyrus fornlcatus. 

FiQ. 3. — The Position of the Psycho-Motoriai and 
Faye/to- Sensorial Cortical Centres in the Skull Cavity. 

The central representation for motility and sensibility 
of the periphery of the body ia in the coiliex of the cere- 
bral heaiispherea. Parts known with certainty to be the 
seat of such representatiou are the central convolutions, 
the inferior frontal and the upper temporal !ohes, and the 
cortex of the occipital lobe (especially its median surface) . 
The apportionment and limitations are given in the figure. 
^C motor centre for the lower exferemites, ^Cfor the up- 
per, VlIC for the face musculature, XIIG for the hypo- 
glossal; MSpG motorial, SSpC, sensorial speech centre, 
SCcentre for vision; Ss, sensory sphere (trigeminus and 
extremities). For further, see Section IV. The upper 
end of the central sulcus (fissure of Rolaudo) is to he 
found 5 cm. behind the coronary suture. A sagittal section 
through the root of the nose and the external protuberance 
passes somewhat beneath the fossa of Sylvius. With this 
line the central sulcus forms an angle of about 66°. If the 
BO formed Kolando's line is divided into three parts, the 50- 
' ition of the motor centres will be pvatticaWy 4e\,fetTa\'B.^&-. 
21 



Explanation of Plate 18. 

Fio. 1 shows the position of the motor aiid sensory 
nuclei from which the cranial nervea arise or in which 
they end. They are delineated in the brain stem and 
medulla as viewed from above. From the blue nuclei 
arise the motor, from the green the sensory crauial nervea. 
The cells of the green nuclei form the beginning of 
the central sensory neurons (compare Plate 13), The 
Roman letters indicate the cranial nerves; Vn nasal 
descending (probably motor), Vc caudal descending 
root of the trigeminus ; Fj«, motor, y.i, sensory tri- 
geminus nucleus; VlUc, cochlear nerve of auditory, 
VJJIv., vestibular nerve of the auditory. 

Fig. 2 shows various isolated nerve fibres which col- 
lectively constitute the white medullary masses of the 
brain, the columns of the spinal cord, and the per- 
ipheral nerves, but are found also in the gray sub- 
stance. The most important part of each nerve fibre 
is the axia cylinder (cell prolongation). It ia sur- 
rounded by a medullary envelope of varying thick- 
ness, the white medullary aheath which is put on in 
segments around tbia. Within the peripheral nervea 
around this ia the thin aheath of Schwann. 

(a) Longitudinally running meduUated nerve fibres, 
the medullated substance stained black and covering the 
axis cylinder. This is seen better on transverse section 
(6) and in the other fibres (c) and (d) . The axis cylin- 
der ia made up of numeroua individual fibrillse. 



Explanation of Plate 19. 

Latesai. YtEW OP THE Medulla Oblonbata wit h 
THE Schematic Eepreskn^tation of the Nuclei 
AKD THE Intramedullary Coursk of the Csaxlal 

NBavES. 

The uppennoBt nerve is tbe motor oculi {111). Its nucleus, 
of long extent and consisting of several parts, lies in tbc central 
grny matter of tbe ventricle beacBth the aqueduct of Sylvius. 
Behind it lies the nucleus of tbe trochlear uerve ; tbe netve (J V) 
passes dorsally as one of the cranial nerves out behind the pos- 
terior quadrigeminal bodies, decussates with its fellow of the 
other side, and then pusses to tbe base. 

The trigeminua ( V) arises iu two portions ; the anterior mo- 
torial ( Vm) arises from the motor (V) nucleus, to ft is joined 
the probably niotorial nasal descending ruot (rn), which arises 
laterally from the aqucdiict (here represented as sensory root) . 
The posterior sensory ( Vtj 0Ttgiual«s from the Gasserian gan- 
glion and separates m tbe pons in three portions : one portion 
ends Id the sensory vagus nucleus : a second portion passes as 
the caudal ascending root (tv) tbrougli the medulla as far as tbe 
first cervjeal aognieui, where it ends By degrees ; a third portion 
passes to tbe cerebellum. Tbe facial (F/J) arises from itsei- 
tensive and deeply situated nucleus in tbe medulla, gathers itself 
together to the knee of the facial, passes around the adducens 
nucleus (VI) with an outward curvature, and finally emerges 
beneath it. The course of the abducens is simple. Tbe audi- 
tory (VIII) ends as the cochlear nerve {Ylllc.) in tbe ventral 
nucleus, and as vestibular nerve ( r/7r) in tbe dorsal nucleus and 
Its environs ; oue portion passes as descending root of the VIJJ, 
a short distance further toward tbe spinal eord (nut represented) . 
The sensory glossopharyngeal -vagus fibres come out from the 
petrosal and jugular ganglia and cad in tbe sensory IX and X 
nuclei iu the posterior end of the calamus scriptorius {X, ^reen) ; 
a portion passes as descending root of the X some distance 
toward the spinal cord (solitary fascicle) . The motor fibres 
arise in part from tbe nucleus ambiguus {X, blue), and in part 
from the spinal accessorr nucleus. 

The hypoglossal (XII) nucleus lies in the caudal dorsal seg- 
ment of the medulla and sends its fibres out through tbe medulla 
lateralh- to the pyramids. The nucleus of the spinal acces- 
sory {XI) reaches far down iu the upper cervical cord and Its 
fibres pass out through the lateral columns; r.p=p03terior, 
upper cerviael root from tbe spinal ganglia, r.a=anterior upper 
cervical roots. 



Xixplanation of Plate SO. 

The Nuclear Layer of the Peripheral Motor 

Neurons. 

Fig. 1 shows a. segment from the anterior gray hem 
of the cervical cord with its motor ganglion cells. From 
these cells the roots of the anterior motor nerves origin- 
ate (ra), which paaa through the adjoining white sub- 
stance of the antero -lateral columns (the medullated 
nerve fibres stained black on transverse section). 

The medullated fibres wliich are woven around the 
cells .TObserve in part the transportation of reflexes (re- 
flex collaterals from the posterior roots) . 

Fie. 2 represents a part of the hypoglossal nucleus. 
The numerous large multipolar cells give rise to the 
fibres of the hypoglossal nerve. Coursing around the 
ceils are innumerable medullated nerve fibres of varying 
diameter which form a flne network. These fibres are 
in part central tracts, and in part unite the nuclei of 
the two sides, especially the inner parts (in this way 
the unison of action of both halves of the tongue is ex- 
plained) and thus serve for transmission of the i-eflexes. 
In ail entirely similar way the facial, the motor oenli, 
etc., nuclei are constructed, 

In these two territories, therefore, begins the periphe- 
ral motor neuron, while simultaneously the terminal 
ramifications (the latter are not perceptible with this 
staining) of the central neuron take place about these 
cells. 
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Explanation of Plate 31. 

Fig. 1. — Transverse Section thfo'igh the W?iife Medul- 
lary Siibstarice of the Spinal Cord (Lateral Column) . 

The medullary aubatance consiBts of the closely woven 
medullated neive fibres wbiuh are embedded in the 
framework of glia. As the preponderating number of 
nerve fibres course longitudinally it follows that on 
cross section we see mostly the fibres cut across (sun 
ima^s)- In the centre of each fibre is the axis cyl' 
inder. 



Fio. 2. — Section through a Spinal Ganglion. 

The strongly pigmented cells of the ganglion (like- 
wise, for instance, the Gasserian ganglion) are sur- 
rounded by outgoing and incoming sensory nerve fibres, 
the outgoing fibres forming the posterior root. A fibre 
passes into each cell and ont again (T formation). 
These cells are the places of origin of the peripheral 
Bensory neurons. 

Fig. 3.— Section through a. Peripheral Nerve. 

Every nerve is made up of several bundles. The en- 
tire nerve is surrounded by a connective -tissue envelope, 
the epineurium. The bundles lie in the several com- 
partments of the perineurium. The epineurium sepa- 
rates the individual nerve bundles into sections. In 
these lie first the medullated nerve fibre surrounded by 
the sbeath of Schwann in fibrillfe sheaths. Blood-ves- 
sels and lymph vessels ramify in the perineurium. Tn 
reality the nerves in transverse section are much closer 
together than they are represented here. One should 
remark the different thickness of the fibres. 
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Explanation of Plate ZZ. 

Fig. 1. — Sehematie Represenfation of the Composition 
of the Ceivical Cord on the Left, of the Lumhar Cord on 
the Right. 

Between the anterior fissure {sulcus anterior, S.a) 
and the anterior roots {r.a.) lies the anterior column. 
It consistfi of the anterior uncrossed pyramidal column 
(pyramidal tract, Pya) and the anterior ground bundle 
(/.a.). Between the anterior and posterior roots (rp) 
lies the lateral column. It is divided into the column 
of Gowers {G), the lateral pyramidal tract (Cb), the 
crossed pyramidal tract of the lateral column {Py), the 
lateral ground bundle (fal) (ground bundle of the lateral 
columns), and the lateral limiting layer (Ji). 

The posterior colnmna are divided into the coluinna of 
Goll (G) and the columns of Burdach (B). In the poa- 
tero-lateral portion of the latter the posterior roots enter 
(the posterior root zone). At the apes of the poste- 
rior horn Lissauer's column is situated {L) (medullary 
bridge) ; z. r. = poster o-eXternal, v. —th^ ventral field of 
the posterior columns. The gray substance is divided 
into the anterior (C.a.) and the posterior (C.p.) horns; 
between them in the middle line lie Clarke's columns . 
iCt). 

In front of the central canal {c.c.) lies the anterior 
white commissure {C.a.), and behind the same the poste- 
rior gray commissure. The ganglionic cells of the ante- 
rior horns are divided into a lateral and a medial group, 
each of which is further divided into an anterior and 
posterior portion. In the base of the posterior horn is 
the substantia gelatinosa {S.g.) ; contiguous with this is 
the zona spongiosa, and with the latter the above-men- 
tioned white medullary bridge. 

Fia. 2. — The Central Canal and its Environments; 
Strong Magnification. 

The canal is lined with cylindrical epithelium. One 
recognizes the medullated fibres of the anterior and pos- 
terior commissures. 
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Seoiai. Sbctionh theough the Centbai. Nervous 
System. 






Plates 24 to « are from 
fToutal sectionB, plates 311-31 
from boriEODtal seciions : first 
through the entire left hemi- 
sphere, then through the 
brain stem, the medulla, aud 
the apiual cord. 

The sections are prepared 
with medullary sheath Btains ; 
in part photographed, id part 
drawn, and are Id do waj 
schematic. 

Ab the Bccttons follow one 
another from the frontal re- 
giuD tliej represent in their 
continuity the continuation 
of the hrain stem. 

In all the Bections the me- 
dullarj subBtance Is Btained 
black while the hrain cortex 
IS red, the subcortical gan- 
glia and nuclear layers are 
Btamed blue. Thu amountot 
blue stippling will give one 
an idea as to the richness of 

Where it iB not otherwise 
stated the drawings are of 
natural size. 

One ia able to reconstruct 
the relationship by compari- 
sons with the previous and 
following section and to ori- 
eniate himself by referring 
to the adjoining plan ol 
division. 



Bmioj-A.— The brain soctiooB are from a boy sixteen years old. 
Itmust be remembered that In the fully developed adult the area 
of medullary substance is more developed in size and in detail. 




Explanation of Plate 24. 

Fig. 1. — Frontal Section through the Knee of the Cor- 
pus Callosum and the Ant^nor Sngment of the Frontal 
Lobes. 

The frontal lobe with its three convolutiona is in- 
cluded. The upper (ff.f.s.), middle (g.f.m.), and in- 
ferior (y.f.i.) frontal conyolutiona. In the medullary 
substance lies the apex of the anterior horn {c.a.) of 
the lateral ventricle. The radiations of the corpus eal- 
losum unite collective segments of the frontal lobes of 
one aide with the other. Lateral to the anterior horn of 
the lateral ventricle {e.a.) there are other association 
bundles involved {^f.a.). Centrum Bemiovalfl(C Vieuss.). 

At the base the olfactory bulb (/) is seen cut through, 

Fig. 2. — Frontal Section through the Head of the 
Sitcleus Caudatus. 

Behind the knee of the corpus callosum begins the 
septum pellucidum (s-p.)- The severed head of the 
nucleus caudatus projects into the anterior horn of the 
lateral ventricle {e.st.). Laterally to it lies the most 
anterior bundle of the anterior limb of the internal cap- 
sule (c,(.), passing in part into the nucleus caudatus. 
One can observe the finer structure of the medullary 
substance (the centrum semiovale of Vieuasens), with 
its innumerable transversely crossing fibre pathways. 
Three frontal lobes (anterior, middle, and inferior). 

Olfactory tract at the base (I). 



Explanation of Plate SS. 

FiQ. 1. — Frontal Sectiim throufjh lltn Muhllit uf //la 
Sepiwm Pelht/Hduvi. 
In addition to the frontal lobea the apex of the t^m- 
I poral lobes (l.t.) is out through. In the medullary mib- 
f stoDce the ganglioa of the brain xtem (corpus striatum) 
I on account of the forward projection of the putaiiiuti 
(X) (the outer segment of the lenticular nucleus) in en- 
tirely involved. The anterior limb of the internal cap- 
sule breaks through the corpus striatum and thus divides 
it into the nucleus caudatus (n.e.) lying medially, and 
the nucleus lenticularis (L) lying laterally. Externally 
from the putamen is the external capsule (c.e.), and ex- 
ternally to this may be seen the claustrum {CI). Sep- 
tum pellucidum {S.p.), olfactory bulb (/) lateral ven- 
tricle (w. I.), corpus callosum (c.c). 

Via. 2. — Section through the Anterior Comviismtre. 

The ascending pillar of the fornix can be seen (/) 
passing up. The inner portion of the lenticular nucleus 
iffl.j>), the globus pallidus, is likewise apparent. On the 
base the chiasm of the optic nerve (Ch) can be seen cut 
through laterally to the perforate substance, then the 
trigonum olf actorium (/ instead of II). In the depth of 
the Sylvian fossa f.s. the anterior convolutions of the 
island of Reil {Ijis) are included laterally to the claustrum. 
In the anterior portion of the temporal lobes begins the 
nucleus amygdalea (^V, am.); see following sections. 
The cortical convolutions have been cut away. Anterior 
commissure (e. ant.). 

The third ventricle begins between the pillars of the 
\ fornix. 




Explanation of Plate 26. 

FiQ. 1. — Frontal Section through the Anterior Com- 
missure. 

The descending pillars of the fornix (f.d.) pass back- 
ward to the raammillary body at the base. The body 
of the fornix continues beneath the corpus caUosum, see 
Pig. 2. Between the adjacent cut-through portions of 
the thalamus {anterior nucleus) the third ventricle 
flpreads out (n.lll). 

The globus pallidus {gl-p.') is seen to be made up of 
several segments and to surround with its basal fibres 
the internal capsule. From the chiasm the optic tracts 
{tr.o) pass backward to the lateral geniculate bodies. 
The anterior horn of. the lateral ventricle {e.a) archea 
backward and is involved in the section which has been 
cut obliquely. 

Fig. 2. — Section through the Knee of the Internal 



Beneath the posterior portion of the superior frontal 
convolutions ai'e the central convolutions (i/.'-.a. and 
p.), and in the depths of the fossa of Sylvius the convo- 
Intions of the island of Heil are ineluded. In the tem- 
poral convolutions the nucleus amygdalfe {N.a.) is in- 
cluded in the sections. Medially is the coinu ammonis 
{cam.), the inner vaulting of the hippocampal gyrus, 
Between the caudate nucleus and the optic thalamus are 
the atria cornea. Around and through the internal 
capsule (dp.) the ansa lenticularis {L.s.) winds, passing 
from the globus pallidus. A portion of its fibres unite and 
pass further dorsally beneath the territory of the thala- 
mus to the fillet area (upper fillet) . 

In the thalamus {Th) the lower stalk of the thalamus 
passes from the temporal lobes beneath the ansa lenticu- 
laris. The thalamus has become very much larger and 
projects upwaid (tuhercidum ant.) as far aa the pillar of 
the fornix, and in it one recognizes difEerent fibre path- 
ways (lamiiiaa medullares) . Tuber cinereum (J^f•) 
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Ixplanatlon of Plate 27. 

FiQ. 1. — Section through the, Middle CoTtvaiissure. 

The thalamus is divided into several Ducleai aieas the 
medial portion of which on both aides is connected by 
the anterior commiBsure (which is here torn through) 
(for it, see Plate »5, Pig. 1). 

Beneath the thalamus that portion of the tegmental 
area (fillet and the fibres of the red nucleus) which comes 
from the ansa lenticularia (Z«) and from the ventral 
thalamus peduncle becomes continually more distinct. 
The internal capsule (the most anterior segment of the 
posterior limb) (c.i.p.) becomes larger on account of 
receiving pathways from the central convolutions {cen- 
tral motor neurons). Its most medial portion passes 
£rom out the base of the hemisphere aa pes pedunculus 
(■cerebri. The lenticular nucleus is smaller; the external 
oapsule, the claustrum, and island of Beit are un- 
changed. The inferior horn of the lateral ventricle 
(c.i.) in the temporal lobes is larger. The optic tract 
ffr.o.) lies over the free portion of the pes pedunculus 
cerebri. Corpus caudicans (c.c). 

Fio. 2. — ■Seciitin through the Central Convolutions. 

The thalamus separates clearly into a superior (ante- 
rior), lateral (/), and medial {m) nucleus; between the 
last two are the fibres of the lamina medullaris interna. 
Its lattice layer borders externally on the internal cap- 
sule which is formed from incoming fibres of the inter- 
nal capsule. Between the free emerging peduncles and 
the thalamus is the subthalamic region. In the latter 
lies the subthalamic body (e.itfh.) (Luys' body), the red 
nucleus (nr), with its medullary substance (L) and 
the fillet fibres. Beneath the same begins the substantia 
nigra (Sn). Medially the first motor oculi fibres {JJJ) 
pass out. 

In the inferior horn (c.i.) is the tail of the caudate 
nucleus {est.) bent under and cut through. Cornu am- 
monia (cAth.), the cortical convolutions are indicated 
individually, Sylvian fissure (f.S.) Rolando's fissure 
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Explanation of Plate 28. 

Fig. 1. — Section through f/ic l\irii:tol Lube (ante- 
rior portion). 

The brain stem passes farther and farther out from 
the heiniaphere. The peduncle {Fed.) is entirely free; 
the thalamus (pulvinar) is connected only by its upper 
and posterior stalk. Between the peduncle and the 
internal capsule (posterior segment) the lateral genicu- 
late body (e-.g.l.) (in which the optic tract ends) and 
the medial geniculate body (c.g.m.) have pushed them- 
selves in. The inferior horn of the ventricle (vA.) has 
opened out and one easily recognizes the condition of it 
produced by the rolling in of the hippocampal gyrus, 
from the tree border of which the fimbria (/) passes up- 
ward. Laterally from the lateral geniculate bodies the 
optic radiation (5 ) passes through the posterior limb of 
the internal capsule toward the cortex of the occipital 
lobes. From lie vicinity of the subthalamic region the 
most important part of the tegmental area has its origin, 
the subthalamic body has disappeared, the fillet {S) has 
broadened out, the red nucleus (n.r.) has become larger. 
The third ventricle pasaes beneath the posterior commis- 
sure {c.p.) into the aqueduct of Sylvius (A.S.). The 
medial peduncular fibres are covered over by the most 
anterior of the transverse pontal fibres (/") . Posterior 
insular convohition, lenticular nucleus disappeared; 
pineal gland (e) . 

Fig. 2, — Section through the Parietal Lobe (poste- 
rior portion). 

The brain stem with the pulvinar has completely sepa- 
rated itself from the hemisphere. The picture is similar 
to the first cross-section through the frontal lobe. 

Corpus callosum (c.c), posterior horn of the lateral 
ventricle (v.p.), association bundle IFli., Fare.), the 
optic radiation {G.O.) passes from the primary optic 
centres (corp. genie, lat., corp. quadrigem. anterior, 
pulvinar) farther in the occipital lobes. 

Parietal convolutions, gyrus angularis (g.ang.), cal- 
oarine fissure (/■".), supramarginal gyrus (g.smg.), lin- 
gula {L.L), cnneus («un). 
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Explanation of Plate 30. 

Fig. 1. — Frontal Section through the Posterior Pole 
of the Occipital, Lobe. 

In the cortex of the cuneus, Vic d'Acyr's bundle. 
The optic radiation passes entirely into the cortex. Cal- 
carine lissure (/-('.), lingual lobe {L.I.), caneus (^Cun), 
Occipital convolutions. 

Fig, 2. — Horizontal Section through the Super/Ices 
of the Corpus Striatum and the Optic Thalamus (some- 
what higher than in Plate 3, right half) . 

The internal capsule lies with broad bundles laterally 
to the cross section of the nucleus caudatua {)i.c.) and 
thalamus opticus {27/.). Somewhat externally is the 
lenticular nucleus {L), claustrum (CI), and cortex of 
the island. Medially the lateral ventricle {r.l.) is 
opened, the fornix and corpus callosum {€.''.) are cut 
through. The anterior and posterior radiations of the 
corpus callosum (forceps anterior and posterior) are to 
be seen. 

Fig. 3. — fforisontal Section through the Cerebral 
Peduncle (somewhat deeper than the section in Plate 
4, right half). The section illustrates well the position 
of the internal capsule which ia soon to pass into the 
pespedunculi {Pd) with the lenticular nucleus (L.,gl.p.). 
The subthalamic region and the posterior corpora quadri- 
geniina {cqp.) are cut through. Laterally from the 
corpora quadrigemina the lateral geniculate bodies are 
included {cg.l. and m). Optic tract (II), anterior com- 
missure (f-i), trochlear nerve (N.IV). fillet, superior 
(Ls), inferior (Li), red nucleus (u.r.), subthalamic body 
Jfi,sth), substantia nigra (5.K,), motor oculi (III). 
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Sxplanation of Plate 30. 

HoBizoNTAL Section through the Entire Left 
Hemisphere in the Middle of the Central 
GasoiiIA. 

The internal capsule (e.i.) is included iu ita entire ex- 
tent; one sees eaaily the anterior (c.i.u.) and the pos- 
terior (r-.i.p.) limba, the knee, and behind, the optic 
radiations of Gratiolet (6^). 

Medially to it the caudate nucleus (m.c.) and optio 
thalamus, laterally the lenticular nucleus (Put.), capsula 
externa (c.e.), claustrum (c/). Tail of the nucleus cau- 
datus in the posterior horn (est.). 

Frontal lobes (l.Jr.), central convolutions (g-o.), isl- 
and of Keil (fossa of Sylvius, /. 5.), temporo-ocoipital 
lobes (l.p. and /.o.). 

The corpus callosum (c.c.) is cut through anteriorly 
and posteriorly, between which lie the septum pelluci- 
dum {s.p.), fornix (/), behind the choroid plexus {jil. 
ch.) covering the third ventricle, anterior horn (c.a.)f 
inferior Lorn (o.i.) of the ventricle. 



J 
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Horizontal Section through the Base of the 

Bkain Stem of the Left Hemes 



(About CLo same level as tbd sectiou iu Pkte 4, right.) 



Both limba of the internal capsule are included in the 
section [c.i.a, anterior limb of the caapule) ; the posterior 
limb fovma the principal portion of the crusta {Ped) . The 
nucleus caudatus {est) and the base of the thalamus are 
cut across, in the subthalamic region the lenticular nu- 
cleus passes between the anterior fibres of the peduncle 
(Pd.) through the ansa lentiformia (a.L), from the 
globus pallidus (gl.p-), and laterally therefrom its puta- 
men (i). Subthalamic body {e.ath.). Substantia nigra 
(tS'.H.), lateral geniculate body {II), tail of caudate 
nucleus [est). Nuclear region of the motor oculi 
{N.IIl), fillet {L.S.), red nucleus {n.r.), anterior horn 
(c.ffl,), inferior horn {r,.i.) of the lateral ventricle, 
frontal lobea (L.fr.), ialand, temporal lobes {L.t.), cor- 
pus callosum (<:c.), descending fornix (/.(/.), septum 
pellucidum {s.p). Clauatrum {CI), external capsule 




Explanation of Plate S2. 

P^o. 1. — Vertieai Section through the Anterior Corpora Quad- 



(Closely foUowiDg that of Plate 3; 



1.) 



The tbalami (7%,o.} (pulvitiar) are pressed back and outward 
from one aoother by the anterior corpora quadrigemina (c.q.a.) 
which press forward between them. The splenium corpus cal- 
losi (c.c.) with tlio fomis (/) liea over the anterior corpora 
quadrigemiDa. 

In the central gray matter (O.B.) ia the aqueduct of Sylvius 
(A), and beneath it the nucleus of the motor oculi nerve (IIT) 
(peripheral neuron), laterally from it the nasal [doscetidiagj root 
of the fifth ( Vn) . 

Id the corpora quadrigemiua one diHerentiates a superficial and 
a deep medullary substance. Beneath these follow the tegmen- 
tum witb the red nucleus (n.r. ) of either side which gradually 
get closer to one another, laterally the superior (sensory) flliet 
i,L>), which includes externally the inferior (of the corpora quad- 
rigeraina) fillet (Li). Laterally to this the median geniculate 
body (e.ff.m,). Separated from the tegmentum by theHuhstftn- 
tia nigra {8.n.) la the crusta (peduncle), and in its middle terri 
tory are the (motorini) pyramids. The optic tract (7>.o} passes 
into the lateral geniculate body, the anterior [aiiperior] quadri- 
geminal body, the pulvinar and there ends. From there tbe 
fibres of the optic radiation pass farther ceotrally (in the occipi- 
tal lobes) . 

(Further details la photographic Plate 35, 3. ) 

Pig. 3. — Section between the Anterior and Interior Corpora 
Quadrigemina, 

The tegmental area has completely separated from the pulvi- 
nar thalarai. The fillet (L) passes more caudally beneath the 
red nucleus. From the deep medullary substance (H.i.) the 
fountain -like tegmental radiation {FF) passes to tiie middle line 
where it undergoes decussation (raphe). Close beneath tbe 
motor oeuli nucleus {n.lll) in the central gray matter lies the 
posterior longitudinal bundle which is here very clearly recog- 
nizable (fasciculus long, post.) (/) latcrallj; from which the 
thalamus fibres pass farUier (substantia reticularis). In the 
motor oculi nucleus are readily recogoized many inriividiifil 
nuclei. In the posterior brachium [Bi-.a) flhres pa-is from the 
posterior quaddgeminate body to the lateral geniculate body. 
In the BulMtontla nigra fibres from the bual ganglion end. 




Fig 1 




Fig 2 



Explanation of Plate 33. 

^Section through the Posterior Corpora Quadngemina. 
The section iucluilea baaally tbe anterior portion of tiie pons 
which covers over tbe crusta. To the poattrior corpora quadri- 
gemiua [O.q.p) passes ft portion of the inferior (lateral) fillet 
(£t) . Close to the nasal {descending) trigtminua root ( Va) the 
trunk of tbe trochlear nerve which originates here ia involved 
(7F). In the tegmentum he the fibres of the hracliium con- 
junctivum, which originate in tbe red nucleus and decussate 
{D.B.) behind it (wliicb pass to tho cerebellum as the processus 
cerebelli od corpora quadrigemioa) . 

At the side of tbe posterior longitudinal bundle (/) is Hie retic- 
ulated substance of tbe tegmentum. Beneath tho decussation 
of the hracbium conjunctivum lies the borizontaJlj placed upper 
(coitcx- thalamus) fillet (Le) (central sensory tract) , and later- 
ally to it the inferior (corpora quadrigemina) fillet (ii) (cen- 
tral acoustic tract) . 

One observes tbe enormous pontine ganglia (Pgj in whieh the 
larger part of tbe peduncular fibres (medial and lateral partBl 

Pio. S, — SeetioH through the Middle of the Poax. 
The aqueduct lias widened into the fourth ventricle. Its roof 
'e formed by the velum medullsre anticum {•n.m.a.) with the 
lingula (£) (from tlie vermis of tho cerebellum), laterally the 
enormous brachiura conjunctivum {B) which have completed 
their decussation. In the tegmental territory are ; the posterior 
longitudinal fasciculus (f) , substantia reticularis togmeuti lat- 
eral from the rapbe {Sj, centnti tegmental tract {c.C). superior 
(medial) and inferior (lateral) fillet {Ls and t). Between the 
fibre tracts a number of cells are embedded (superior olive [01.^]. 
nucleus of the substantia reticularis, etc.). Laterally from the 
tegmentum are the motor (m) and sensory (s) nuclei of the fifth 
ind tbeir roots to which the nasid root of the fifth (Tn) (in its 
I vicinity the pigmented rella of the locua cceruleus) descends 
(motorial?) ; an additional tract follows from tbe neighboring 
medullary substance of the cerebellum as direct sensory cerebel- 
lar tract. Downward passes the caudal root of the fifth (Te). 

The pyramids (i^) pass (from the peduncles) covered over by 
the superficial and deep pontine fibres through the pons. From 
the cerebellar cortex comes the processus cerebelli ad pontcm 
(/V.O.P.). 
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Explanation of Plate 34. 

Fig. 1,— Section throitgh the Posterior End of the 

The facial (n. VII ) and the abducena nuclei (m. Y1 ) 
have made their appearance in the tegmentum. The 
£bres of the facial ( VII ) pass as indicated on the 
right, arch around the abducens nucleus, collect at the 
knee (<j), and then pass horizontally and eventually 
basalward out of the medulla (VII). The course of 
the abducens (f/) is more simple. Its nucleus is 
clearly in couiiection with the superior olive. 

Substantia reticularis {Srt), fillet (Ls), etc, as be- 
fore. Laterally from the trunk of the facial passes the 
caudal (descending) trigeminus root (K.c.) which has 
now made its appearance, with the sensory root of the 
fifth. To the outside of these the proceasua cerebelli ad 
pontem passes downward (Pr.a.p.), and between this 
and the brachlum conjunctivum lie the restiform bodies 
lyS.C) (process, cerebelli ad medull, oblong,) which can 
be seen more distinctly in the following section, 

FiQ. 3. — Section through the Auditor'^ Nucleus. ' 

In the medullary substance of the cerebellum is the 
corpus deutatum (C.d.), in the medullary substance of 
the vermis (V) and other lobaa the nucleus tegmenti 
(n.t). Medially from the flocculus {Fl) of the cere- 
bellum the acusticus [VIII) passes in. Its cochlear 
branch {VIII.c) ends in the ventral acoustic nucleus 
{n.VIII.c.) laterally to the restiform body {o.r.) (sche- 
matic on the right). Its vestibular branch (n. VIII.v.) 
ends in the dorsal acoustic nucleus («. Vlll.d.) and in 
the nucleus of Deiters just lateral to it (n.D.) (con- 
tinuation of the locus cceruleus). From the central 
nucleus of the eighth the corpus trapezoides {c.tr.) 
passes transversely through the medial fillet (7/.«.) (also 
to the superior olive) to the lateral fillet of the other 
side. Another portion of the (central) acoustic tract 
passes in the strite acousticie (sir.a,.) (schematic on 
right) to tbe same place. The pyramids (Fi/) have 
passed from out the pons. 

(From here on the illustrations are photographs.) 
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Explanation of Plate 36. 



^^^H Fta, 1, — Section throurfh the Bight Optic Thalamus at 
^^^^Kthe Level of the Middle Commismire, 
^^^^P (Sloping somewhat obliquely posteriorly.) 

^^^H The three nuclei of the thalamus are easily recognized 
^mf {pncleus anterior [ii\, medial [m], and lateral [/]). 
^^^ From the anterior there passes at this level a thick bun- 
dle (which in the horizontal section, Plate 31, is cut 
tranaversely [u] [Vic d'Azyr's bundle]) whicli ends in 
the corpus eandicans of the same side (it3 course into 
the latter is well shown in the unstained section, Fig. 
2, Plate S). Beneath the thalamus lies the subthalamic 
region with the ansa lenticularis {Anl), Luys' body 
(fL), the fibres of which penetrate IJie internal capsule 
transversely and go to the globus pallidus (glp) of the 
lenticular nucleus ; beneath the substantia nigra (■'i'H). 

In the lateral nucleus (trellis layer) the corona radiata 
passes out of the internal capsule (c i) into the thala- 
mus. The middle commissure (cm) contains but few 
nerve fibres. The medial nucleus forms posteriorly the 
pulvinar, in which ramify the fibres from the optic 
tract and the optic radiation (for other illustrations see 
Plate 27). 

Fig. 2. — Sectinn through the Anterior Corpora Quad- 
rigemina of the Left Side. 

One recognizes the more detailed abundance of fibres 
than in Plate 32, 1. The lettering is the same as in 
that figure. 

In the lateral geniculate body {egV) and also in the 
anterior corpora quadrigemina (c^a) end the innumer- 
able arborizations of the fibres of the optic nerve. In 
this vicinity the tract for the pupillary reflex must be 
sought (from here to the oculomotorius nucleus, Nlll). 
Beneath the multitude of outgoing motor oculi fibres 
(///) begins the erusta (Ped) in the medial segment of 
which can be seen Spitdia's bundle (n) (whiiTh contains 
probably the centra! tract for the motor cranial nerves) 
passing from the cnista up to the tegmentum and later 
issating in the median line. 
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Explanation of Plate 36. 

FiQ. 1. — Section through the Tegmentum behind the 
Posterior Corpora Quadriffemina. 

The aqueduct has already begun to expand into the 
fourth {vIV) ventricle. 

For lettering see Fig. 2, Plate 33. 

Uue observes especially the structure of the substantia 
reticularis {Srt) which conducts fibres from the optic 
thalamus downward and which contains ascending fibres 
from the anterior lateral columns of the spinal cord. 
Further than this very little is known. The median 
(upper) fillet (Ls) (principal fillet) ia divided into sev- 
eral bundles; laterally ia the inferior fillet {Li), which 
ID part passes up to the posterior corpora quadi'igemina. 

Brachium conjunctivum {£), nasal root (Tn), nasal 
fasciculus of the trigeminus root (Vn), posterior longi- 
tudinal fasciculus (/) ; the innumerable fibre crossings in 
the raphe of the tegmentum is clearly represented (the 
central decussating sensory and the motor tracts paas 
here), locus coaruleus {l-c), with strongly pigmented 
cells. 

Fib. 2. — Section through the Region of the TrigewAnua 
Nucleus. 

The section contains practically the same structures as 
Fig. 2, Plate 33. The lettering is also the same. 

One observes the finer details of the tegmentum and 
of the nucleus of the fifth. The caudal (descending) 
root with its bundles ( Ve) is to be seen in this section 
very clearly between the motor (ni) and sensory (a) 
nucleus. Central tegmental tract {ct), reticulated sub- 
stance of the tegment {Srt); pons ganglia (17) between 
the superficial (s) and the deep {j)) fibres of the pons 
(/*). The raphe of the tegmentum (A') and the fibres 
of the pons contain numerous decussating pathways. 

Below the superior olive (is) fibres {Li) of the cor- 
pus trapezoides and the inferior fillet (central autlitoif 
tract). 



Explanation of Plate 37. 

Fig. 1. — Section thnmgh the Right Tegmental Begion 
at the Level of the Facial NucleMs. 

One should compare the lettering with Fig. 1, Plate 
34. Prom the deeply lying facial nucleus (h. VII ) the 
individual fibres pass upwai-d. 

Likewise the pathway from the superior olive {ol.a.) 
to the abducena nucleus {NVI, white), (which last was 
more clearly recognizable Bomewhat further forward) ia 
to be seen. Prom the cerebelluia pass the leatiform 
body {f7r) and the processus cerebelli ad pontem (C6). 

From the genu facialis (gVJJ) passes the united 
troiik of the seventh over the ependyma of the fourth 
ventriole (oIV). To the fillet passes from the neigh- 
boring ventral acoustic nueleus the corpus trapezoidea 
(through the inner fillet). 

Lateral from the trunk of the facial lies the descend- 
ing root of the fifth {Ve), immediately in,front of the 
substantia gelatinosa (Sg), which is the continuation up- 
ward of the posterior horns of the spinal cord. Dor- 
sally therefrom is the dorsal nucleus of the eighth 
(nVIII) and the nucleus of Deiters (n.D.); superior, 
inferior fillet (Ls.i.); substantia reticularis {Srt); 
centi'al tegmental tract (ct); raphe (K)- 

Fio. 2, — Section through the Ventral Acoustic Nucleus 
of the Left Side. 

The restiform body {cr) has passed entirely out of 
the cerebellum and helps to form the lateral wall of the 
fourth ventricle. Laterally from it lies the semicircu- 
lar ventral auditory nueleus in which the cochlear 
nerve goes. This is more developed in Fig. 2, Plate 
34. From its central tract the black-colored fibres of the 
strife acusticte (st)-a), which can be distinctly seen here, 
pass over the floor of the fourth ventricle to the median 
line. They cross on the raphe {B) and pass farther for- 
ward in the lateral fillet. Dorsal nucleus of the eighth 
(n Vllld), medially therefrom the nuclear region of the 
glosBO-pharyngeal («/A'), facial nueleus {nVU), sub- 
stantia reticularis (Srt), central tegmental tract {et), 
median fillet (i), pyramid, posterior longitudinal fas. 
oiculuB (/), flocculus of the cerebellum {Ji), descending 
aooustieus root (ad). 
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Explanation of Plate 38. 



Fig. l.—Secti 



through the Cerebellutn afid Medulla. 
(Posterior portion of the Fourth Ventricle.) 



iThe fourth ventricle (vIV) is here closed laterally 
only by the meninges as the restilonu bodies (cr) have 
entirely passed out of the cerebellar hemispheres. The 
roof of the ventricle ia formed by the vermis (F), the 
superior vermis (iw), the inferior vermis (I'i). 
In the cerebellum the corpus deatatum {ed) and the 
nucleus tegntenti (nt). The borders of the hemisphere 
are cut away. Nodulus (n). 
In the medulla one recognizes the pyramids, the 
olives, the restiform bodies, etc. 

1' 



Fig. 2. — Section through the Medulla at the Level of 
the Glosso-Pharyngeal — Vagus Jfucleus. 

Laterally from the pyramids the inferior oKves (o/) 
have made their appearance. From the restiform bodies 
{cr) pass the cerebellar fibres (fol), decussating to the 
olive of the other aide. Between the olives near the 
raphe {K ) ia repreaented the " interolivary layer" of the 
(superior) fillet (L) ; doraally to it passes the posterior 
longitudinal bundle (/). Between the posterior longi- 
tudinal bundle and the restiform body liea the substan- 
tia reticularis [Srt) of the tegmentum. Doraally to it 
the ninth and tenth aenaory nuclei. Laterally from it 
the dorsal nucleus of the eighth. In front of the resti- 
form body the descending root of the ninth, the tenth, 
and the solitary bundle (s) pass downward; beneath 
these the descending root of the fifth ( Ve), laterally 
from the aubatantia gelatinosa {Sg). The fibres of the 
ninth and tenth nerves pass near by the solitary bundle 
out of the medulla. Medially from these in the tegmen- 
tum lies a nucleus (nucleus ambiguus), a cell group which 
is represented as a part of the motor nucleus of the 
Tt^ns (na) and which can be seen better in the following 
sectionB. Median olive {olm), posterior olive (olp). 
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Explanation of Plate 39. 

Fig, 1.— Section through tha Medulla at the Level of 
the Tenth and Twelfth Nuclei. 

Close to the nueleus of the tenth and medially to it 
passes the hypoglossal {Xll ) on the floor of the fourth 
ventricle, the fibres of which are penetrated externally by 
the posterior longitudinal bundle (/) and the fillet (7,). 
Laterally to the olives pass the external arcuate fibres 
(/ae) from the restiform body to the fillet of the same 
side, and through the substantia reticularis the internal 
arcuate fibres (fai) from the fillet to the most mesial 
portion of the reBtiform body of the opposite side (cross- 
ing therefore in the raphe). Above the inferior olive 
(ol) and mesially to it lies the inner accessory olive 
(olm). From the restiform bodies the lateral cerebellar 
tracts {Cb) pass off more deeply toward the pyramids. 
Everything else as in the previous section. 

Fig. 2. — Section through tite Calaw,ua Soriptorius of 
the Medulla. 

The restiform bodies {er) approach one another, the 
fourth ventricle (oIV) becomes closed. The nuclei of 
the posterior columns pass into the restiform bodies, 
medial the nucleus of Goll, lateral the nucleus of Bur- 
dach (nf/i). From these nuclei pass the massive in- 
ternal arcuate fibres (fai) downward to the fillet {L) of 
the opposite aide. The nucleus of the hypogloasus is 
more deeply situated (nXII). The nucleus of the 
tenth ends. Pyramids, fillet (Z), substantia reticularis 
{Srt), substantia gelatinosa {Sg), descending root of the 
fifth (Vc), lateral cerebellar tract (Cb), solitary bun- 
dle (s), olives ("!), posterior longitudinal fasciculus (/), 
unchanged. Raphe of the tegmentum (A'). 




Explanation of Plate 40. 

Fig. 1. — Section through the Nuclei of the Posterior 
Columns. 

Above the nuclei of Goll (iG) and Biirdach (nB) the 
respective columns of these nuclei are to be seen dis- 
tinctly {/G and/B). 

The central canal with the nucleus of the twelfth 
i^NXII) has sunken more deeply into the medulla. 

The internal arcuate fibres {fni) and the external 
(_/ae) are plainly represented. All the other constitu- 
ents as in the previous section, except that the olivea 
(ol) have become considerably smaller. 

Fig. 2. — Section through the Medulla beneath the 
Olives. 

After the disappearance of the olives the medulla be- 
comes considerably smaller. 

The nuclei of the posterior columns are smaller 
{NG, NS), the bundles which arise from them (funiculus 
Goll and Burdach) larger. Near and lateral to the nu- 
cleus of the twelfth the nucleus of the ninth has ap- 
peared, the fibres of which pass out transversely through 
the medulla. 

The lateral cerebellar tracts (Cb) are represented by a 
clearly differentiated area, dorsally from which is the 
substantia gelatinosa (Si?) and laterally the descending 
root of the trigeminus (Fc). Internal and external 
arcuate fibres, substantia reticularis {Sii), fillet (L) 
(which has become considerably smaller), fillet decussa- 
tion (A"), pyramids, inner olives. 

Between Goll's columns the posterior longitudinal sul- 
cus {Sj)), between the pyramids the anterior longitu- 
dinal sulcus {Sa). In the pyramids the nucleus arci- 
formis (na). 




Explanation of Plate 41. 



T'iG. 1. — Section of the Medulla hmttediately Above 
the Pyrajtiidal Deatssation. 

The pyramids {Ft/) are more deeply aituated in the 
medulla and displace one another and thus pnsh asunder 
the small fillet layer {fa). At their apices the posterior 
longitudinal fasciculus {/) ia still to be seen. The in- 
ternal arcuate fibres {fai) pass distinctly out of the nu- 
cleus of GoU's column {nO) to the crossed fillet layer. 

The nuclei of the posterior columns {nG, nB) are 
smaller, the substantia gelatinosa {Sr/) gets continually 
larger (beginning of the posterior horns). In the sub- 
stantia reticularis tegraenti {Srt) the ai'ca alongside of 
the remains of the fillet and the posterior longitudinal 
faaeieulua is later to be the position of the anterior horns 
{corn.a). Laterally from this the suhstantia reticu- 
laris is displaced by the appearance of the antero-lateral 
ground bundle {fi ) and the column of Gowers {G) and 
posteriorly the lateral cerebellar tract {CI). In the 
middle the nucleus tf the twelfth which has nearly dis- 
appeared and the nucleus of the eleventh which is still 
distinct. The accessory olives have disappeared. The 
spinal portion of the eleventh nerve arises from a group 
of ganglionic cells lyiug in the lateral segment of the 
anterior horn. 

Fio. 2. — Section through the Pyramidal Crossing. 

The nuclei of the posterior columns have disappeared, 
the territory is entirely taken up with the fibres of 
the posterior columns, GoU's and Burdach's columua 
i/G, fB). 

The pyramids pass decussating, severing the anterior 
horns {D Py), deeply into the lateral columns of the op- 
posite side. 

The posterior horn {Sg) is distinctly recognizable. 
All the other parts as in the cut above. 

Anterior born {Co), central canal (ce), sulcus anterioi 
(&i), sulcus posterior {Sp). 

m 



Explanation of Plate 42. 

The sections from here on, in coofgrmitj v/itix the iieual cus- 
tom, are tepreseated reversed. The dorsal portioa (^J down- 
word and the vcntrat [Sa) upward. 

Fio. 1. — Section throvgh the Cervical Cord Immediate- 
ly Bmieath the Pyramidal Decussation, 

The pyramids (Py) have in large part disappeared 
from the aaterior columns and are found in the crosBed 
pyramidal tracts. In the anterior columns remain the 
small uncrossed pyramidal tract (Pyo.) and the anterior 
ground bundle {fa) (from the posterior longitudinal fas- 
ciculus). In the lateral columns are found the crossed 
pyramidal tracts (Pji); the antero-lateral ground bun- 
dle {fat), the lateral limiting layer {ji), and Gowers' 
bundle as a continuation of fibres from the substantia 
reticularis tegmenti; the lateral cerebellar tracts (Cb) 
from the restiform bodies (ventral segment). 

In the posterior columns lie the columns of GoU (/G) 
and Burdach (/B). 

At the bottom of the anterior longitudinal fissure lies 
the anterior commissure (rf), the spinal prolongation of 
the pyramidal decussation, behind it the central canal 
(e.c.) and the posterior commissure. 

The anterior (Co) and posterior {cp) horns are com- 
pletely developed and in the posterior horns the sub- 
stantia gelatinosa {Sg), ^vhich was remarked above, has 
become prominent. The roots of the uppermost cervical 
nerve pass here out of the anterior horn (anterior root), 
and in the lateral segment of Burdach's column is seen 
the entering posterior root (in the posterior root zone). 



Fig. 2.^Section through the Upper Cervical Cord, 
Level of the Fourth Cervical Nerve. 

Lettering as in Fig. 1. The substantia gelatinosa 
(ep) of the posterior horn is much smaller, as it is in all 
the following sections. Origin of the phrenic in the 
anterior horn cells (Co), 



Explanation of Plate 43. 

Fie. 1. — Seetion through the Cervical Enlargement, 
Level of the Seventh Cervical Nerve. 

The gray substance on account of the enormous devel- 
opment of the anterior horns (Co) ia considerably in- 
creased. The composition is the same aa given for Plate 
42, 1, In the anterior horns are the cells for the periph- 
eral motor neurons of the arm muscles (at this level es- 
pecially for the forearm musculature). There are dif- 
ferentiated a mesal (small) (m) and a lateral {1} gan- 
glion-cell groups The lateral (and the mesal) divide 
further into an anterior and a posterior division {la and 
Ip). Further concerning localization is not known posi- 
tively. The lateral group may contain the proper moto- 
rial cells. Behind the motorial cell groups lie the 
ao-called "middle cells" (c), around which ramify innu- 
merable collaterals from the posterior roots and also 
from the lateral columns. The posterior roots {rp) and 
their course are seen better in Plate 47, 1. 

Fia. 2. — Section through the Upper Dor»al Cord, Level 
0/ Third Dorsal Nerve 

FiQ. 3. — Section through Middle of Dorsal Cord, Level 
of Sixth Dorsal Nerve. 

The anterior horns have again become small and from 
them arise the peripheral n.'urons for the intercostal 
muscles. At the base of the posterior horns one can 
make out the rudiments of Clarke's columns (Cf). 
Central canal (cr). 

GoU'b columns get smaller the further down we go. 

The remaining relationships are uualtered. 

Anterior roots (ra), posterior roots (rp). 



Explanation of Plate 44. 

Fig. 1. — Section through the Lower Dorsal Cord, Level 
of the Eleventh Dorsal Nerve. 

The anteriot horns (Co) increase in size and theii: 
configuration becomes changedj Clai'ke's columns with 
their cells are large and sharply defined. From them 
fibres pass to the lateral cerebellar tract of the same 
Bide (C/) and pass with this tract to the crossed nu- 
cleus of the tegmentum in the restiform body. The 
lateral pyramidal tracts (Py) pass, below the starting- 
point of tbe lateral cerebellar wact, quite out to the 
periphery. The anterior pyramidal tract becomes 
smaller and is lost in the upper portion of the lumbar 
cord. All the other columns become smaller because 
they have given off the greater portion of their fibres in 
segments higher up. 

EiG. 2. — Section through the Upper Lumbar Cord, 
Level of Second Lumbar Nerve. 

Fig. 3.- — Section through the Lower Lumbar Cord, 
Level of Fourth Lumbar Nerve. 

The anterior and posterior horns become very much 
extended. This is due principally to the increase of the 
gray substance. The cell groups in the anterior horns 
are similar to those in the cervical region. From them 
arise the peripheral neurons for the leg muscles. The 
posterior roots (rji) enter in thick bundles the posterior 
root zones, and their collaterals and short branches radi- 
ate bow form into the posterior horna. 

For further details see Plate 47, 2. 
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Explanation of Plate 45. 

!FiG. 1. — Section through the Sacral Cord, Level of 
Third Sacral Nerve. 

The pyramidal columna terminate in the small white 
substance of the lateral columns. The gray substance 
is relatively greater than the white. In the broad an- 
terior horns are situated the motor ganglion cells that 
give origin to the peripheral neurons for the small mus- 
cles of the feet, somewhat lower are those for the anal 
and vesical muaclea and their reflex automatic activity. 

Fig. 2.~^Section through the Cauda Equina and the 
Conus Medwllaris. 

In a sao of the dura lie the more deeply passing 
motor and sensory roots, given otf from the spinal cord 
in the lumbar region, for the lower extremities. Later- 
ally the roots which later form the crural {ril), me- 
dially, the aciaiiio continuation (-P/s)- The first, after 
their exit, form the lumbar plexus, the other the sacral 
plexus. In the centre lies the inferior termination of 
the spinal cord, the conus medullaris {C m). 

Fig. 3, — Section, through a Posterior Eoot and Spinal 
Ganglion from the Lumbar Cord. 

The mixed neive [Np) coming from the periphery 
goes as far as the spinal ganglion, its sensory portion 
(rs) passes into the ganglion and ends in the ccIIr of the 
latter {one can see despite the weak magnification the 
strongly pigmented cells of the ganglion). From it 
passes collectively the posterior root (rp) out of the 
ganglion and into the spinal cord (especially into the pos- 
terior root zone of the posterior column). 



Explanation of Plate 46. 

Fio. 1. — Section throvgh the Sciatic Nerve at its 
Upper Point of Etnergcnee,. 

(Great sciatic foranjen.) 

Enveloped by the ephieurium (P), with weak magnifi- 
cation one recognizes the numerous collected individual 
bundles (/) of varying thicknesses. Between them the 
blood-vessels course in tlie perineural connective tissue. 

Fig. 2. — LonrjUudinal Section of a Nerve Bundle taken 
from the Seiatie Nerve. 
For explanation see Fig. 3. 

Fig. 3. — Transverse Section of a Nerve Bundle from 
the Scia/lc Nerve. 

One recognizes with strong magnification the segrega- 
tion of medullated fibres (stained black) of different thick- 
ness. In all the nerve bundles there course without 
order, close to the thick fibres, numerous very small 
nerve fibres surrounded by a scarcely recognizable me- 
dullary sheath. In the nerve bundles individual com- 
partments aie formed by the endoneiiral connective tis- 
sue, 

Fig. 4. — Cross Section through a Normal Optic Nerve 
(weak magnification), in its nerve sheath formed from 
the dura (f). It consists also of numerous individual 
bundles in which the nerve fibres of very fine calibre 
course. 



Explanation of Plate 47. 

The Gtkay Substance of the Spinal Cobd. 

The two photographs represent with strong magnifica- 
f tion the right half of a cervical section and the left half 
I of a lumhar section (comp. Plate 43, 1 and Plate 44, 3). 
One obseryes particularly the enormous number of 
fibres going in ajid coming from the horns. In the an- 
terior horn there pass in: 

1. Fibres from the anterior connnisBure (decussating 
anterior pyramidal columns and decussating central sen- 
sory fibres). 

2. Fibres from the antero-lat^ral tract (motorial end 
fibres and collaterals from the lateral pyramidal tcact 
and central sensory collaterals from the auterior lateral 
columns). 

3. Fibres from the posterior horn (reflex collaterals 
and other posterior root fibres). 

From the anterior horn pass out the anterior (motor) 
roots arising from tlie motor ganglion-cell gi'oups; they 
pass out in bundles through the an tero- lateral tracts. 
(They arise especially from the lateral cell groups.) 

Into the posterior horn there passes the thick bow- 
formed radiations of the collaterals and the collected 
short tracts of the posterior roots from the posterior 
column. 

At the posterior end of the posterior horn formed by 
the substantia gelatinosa (SJ?) lie the fields of Lissauer 
(medullary bridge), consisting of thin posterior root 
fibres (L), and immediately in front of them the zona 
Bpongiosa of the posterior horns. 
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Explanation of Plate 48. 

MJBDDLLATiON OP THE F(BTAL Ekain ( photograph s). 



Figs. 1 to 5 represent tbe unstained sections from the 
brain stem of a fcetua eight months old. By far the 
greater number of fibres which in the fully developed 
brain are medullated are here unmedullated (therefore 
unstaiDed). Nevertheless there are individual phylo- 
genetically manifest old and importaut tracts which are 
on account of their medullation easily recognized macro- 
scopically. They appear brilliantly white in contrast 
with the remaining gray matter of the brain stem. 
The most important of these tracts are ; the medullary 
radiation to the red {nr) nucleus (Fig. 1, L), the ansa 
lenticularis and the fillet (Ls, Li), In addition to this 
there aie also medullated the posterior longitudinal 
bundle, tbe nasal (descending) root of the trigeminus, 
the peripheral cranial nerves, the optic tract, the poste- 
rior commissure, and others. 

FiQS. 1 AND 2. — Section through the Middle and Pos- 
terior Segment of the Optio Thala?nus. One observes 
that the crusta (motor pyramidal tract, etc.) is not yet 
medullated. 

Fig. 3. Section through the Anterior Corpora Quadri- 
gemina. 

Fig. 4. — Section through ike Middle of the Pons. 

Fig. 5.- — Section through the Medulla Oblongata. 

The fillet passes in the first section at the height men- 
tioned above almost entu-ely as a portion of the ansa 
lenticularis and further through the globus' pallidas and 
(probably not interrupted) in the so-called tegmental 
radiation (the first medullated pathway of the cerebral 
hemispheres, sensory tract! See text, Section IV., p. 
65) to the cortex of the posterior central convolutions 
and the parietal lobes. 

Figs. 6 and 7 are sections thi'ough the cervical cord 
and dorsal cord of a new-born. One recognizes the not 
yet medullated pyramidal ti'act (P>/) sharply differen- 
tiated from the fully developed lateral cerebellar tract 
(Cb). For description of the dorsal cord see Plate 10, 
Fig, 2 (medullary sheath staining). 



Explanation of Plate 60. 

Fiofl. 1 and 2 abonr the relatianahip of \he tegmcx 
and the foot of the cerebtal pedimcle to the f 
henuspfaere OaeXa. 

Fig. 1 shows the hemisphere on Erontal sec-tioii. Fig. 
2 tm horiztmtal section. 

In Fig. 1 aze seen on the left the connections of the 
crusta, on the right the conneciions of the tegment. 

Crusta: frontal perns tract (bloe), pyramidal tract (red), 
temporo- (parieto-) occipital pons tract (blue stippling). 

Tegment: fillet tract (green), thalamus — red nocleua 
(brown). 

In the section of the hemispheres there are represented 
schematically the long and short association tracts 
(brown), and the corona radiata to the thalamus (so- 
perior and inferior stalks) (brown). 

In Fig. 2 in addition, the optic radiations (occipital 
cortex — optic centres — optic tract) (yellow). 

Fio. 3. — Scheme of the Oftic and Motor Oeidi Trvxta 
and their Cornieettong. (The fibres of the left optic tract 
are colored.) 

Optic: peripheral neuron (brown) in the retina 
(li=baih); cenUal neuron (green), in the optic nerve to 
the chiasm (decuBsation of the nasal bundle) ; from there 
in the optic tract to the lateral geniculate body, pulvi- 
nar, anterior quadrigeniinate body. Here the fibre arbo- 
rization occurs. 

From there the fibres pass in the optic radiations to the 
cortex of the cuneus of the occipital lobes (it is doubtful 
if there exist direct fibres from the tract to the cortex 
collaterals?), 

Motor oculi : central neuron (red) from the cortical 
centre fargular gyrus?) crossed to the motor oculi nu- 
cleus on the fioor of the aqueduct. 

Peripheral neuron (blue), from there as peripheral 
nerve (of crossed origin also, for the rectus interuus) to 
the musculature of the bulb. 

I'upillary reflex tract: optic fibres — corpora quadri- 
gomina— reflex collaterals (stippled yellow, where?) — 
motor oculi nucleus— peripheral nerve (blue) — sphincter 



pupillie (intercalated in ciliavy ganglio 




.5(3 




^ 



Explanation of Plate 51. 

In Figs. 1 and 2 thei* are represented in tranaverae 
section of the hemispheres (1), the brain stem (2^) , and 
the spinal cord (cervical [51, lumhar cord [fj]), the posi- 
tion of the (motor) pyramidal tract and the (sensory) 
fillet tract and their prolongations in the spinal cord. 

Fia. 1. — Red, the Pyramidal Tract and its Position in 
the Different Lerels. In 4 partial decussation : anterior 
pyramidal and lateral pyramidal tracts. 

Fig. 2. — Green, the Sensory Tract. 

In 6 entrance through the posterior roots. Further 
eonductiou : 

a. UncroHsed in Bnrdach'a-Goll's columns as far as 
their nuclei in 3 ; 

b. Crossed (anterior commissure) and uncrossed (short 
tracts) after interruption in the gray substance of the 
antero-lateral ground bundle. 

Further course: in 3, decussation of those mentioned 
under a reach the fillet after interruption in the nuclei 
of the posterior columns (internal arcuate fibres). 

After the incorporation of the tracts mentioned 
under b (interrupted in the anhstantia reticularis?) the 
fillet passes (after receiving the central sensory tract for 
the cranial nerves) (for details see Fig. 3) through 2, 
1 farther toward the cortex. 

Brown, the (sensory) lateral cerebellar tract (see Plate 
49) and fibres from the nuclei of the posterior columns 
in 3 to the cerebellum. 

Fio. 3. ^-Scheme of the Sejisart/ Nerve Tracts. 

The peripheral sensory neuron brown. 

The central sensory neuron green. 

Cells, course of fibres, terminations are evident in the 
scheme without further explanation. 

I., Olfactory tract; II., visual tract; VIII., auditory 
tract (cochlear nerve); V., IX., taste tract; see Bclieme 
of the cutaneous sensory tract and the related refiex 
txacts (shorter, longer reflex arcs). 




Explanation of Plate 62. 

SCHBMATIO Rb PRESENTATION OF THE CoURME OF THE 

FiBitliS IS THE SriNAL Cord. 

I. 7^e Motor Traet, 
Central oeuron (red) : Lateral pyramidal tmct (Pff I] and 
"ir pyroniidal tract (I^a) ; torimoal arljorization in the an- 

horn. b. Perlpberal Deuioa (blue) . anteriorhora cells - 

" root (r.a)— motor uerve muscle. 

II. TIte Beneaq/ Tr-Kt. 

a. Peripheral neuroo (brown) ; sensory uerve (n.p), spinal 
ganglion (iJ^) — poBterior root {r.p) of the spinal cord, lo the 
posterior root soue oC the posterior columns each hbre dividea 
into an ascending and a dtscending branch (short and long 
fibres) . The short tracts curve into the posterior horn aa : 

1. Reflex coltaterala to the anterior horn, shorter redex arc, 
longer reflex tracts (intercalation of another [green] neuron). 

3. Fibres totbo cells of the middle zone of the gray substance. 

3. Fibres to the cells of Clarke's columns (c) . 

4. Fibres to the central and especially the medial anterior horn 
cells (commiaaural cells). 

5. Fibres to the posterior horn cells. 

The ion^ tracts (6) pass first Into Burdach'a columD, higher 
also into Ooirs columu, and thus to the nuclei of the posterior 
columns in the medulla. (Here they join the fillet.) 

ft. Central neuron (green). It begins with the cells of the 
terminal places of the peripheral, enumerated under 2 to 6. 

1. From those which have been enumerated under 3 aa "col- 
umn cells" arise the fibres of the anterior ground bundle of the 
same aide {fat) {fl) and the columns of Qowers (G). 

3. Prom those mentioned under 3 : the lateral cerebellar tract 
of the same side (Cft). 

3. From tboee under 4 ; fibres which cross in the anterior com- 
missure to the anterior lateral column (/oi) {f) to aaoend in the 
other aide. 

4, From those under G : flbres to the lateral limiting layer (Jl) 
and to the ventral field of tlie posterior columns. 

In addition to this is represented the manner In which the col- 
laterals are given off and tlie termination of the central short 
tracts (which quickly bend again into the gray substance) of the 
anterior lateral columns, the "inland cells" (green, Oolgi) in the 
posterior liorn ; the decussation in the posterior commissure is 
not clear. There are contained in the posterior roots apparently 
other individual fibres which have their neuron cella in the an- 
terior horn, but In man this is not yet satisfactorily established. 
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IV. 

GENERAL 
PATHOLOGICAL Alf ATOMY OF THE 

NERVOUS SYSTEM. 

Demonstrated by Special Examples. 

To ACXX)MPAKY SECTION 17. OF THE TkXT. 



SPECIAL PATHOLOGY OF THE 

BRADT. 

To WHICH BELONGS SECTION V., PAGES 160 AND 
THE FOLLOWING OF THE TeXT. 
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SECOIfDAKT DISEASES OF THE TilER- 
VOUS SYSTEM. 

Explanation of Plate 63. 

Fig. 1. — Seciitm throuijh the Cortex luid Meninges of 
the Brain in a Case of Epidemic Cerebro-Sjjinal Menin- 
gitis. 

The preparation is from a soldier, 23 years old, who 
was taken suddenly ill with general febrile niaQifesta- 
tions, vomiting, and headache. StifEness of the ueck, as- 
sociated with pain, continuous high temperature (40° C.) ; 
herpes labialis, and leucocytosis of 36,000 established 
the diagnosis. Following this there was increasing dis- 
turbance of consciousneas, motorial irritation symptoms 
such as twitchings of the face muscles and the arms, espe- 
cially the right, and delirium. Death in deep coma six 
days later, the stifEaess of the neck and trunk muscles 
still continuing. 

Autopsy : On and in the meninges of the brain and 
spinal cord were found purulent, thick, white masses 
which covered the convexities especially. The process 
was most severe in the middle of the left central convo- 
lutions. In the pns the diplococcus of Fraenkel. The 
purulent infiltration (colored red) sunk into the fissures 
following the pia into the cortex. The cortical cells 
were very much damaged by the inflammatory products, 
and thus their function was inhibited. 

Fm. 2. — Cerebral Cortex from, a Case of Tuberetilar 
Meningitis. 

A 30-year-old woman, who had suffered previously 
from tuberculosis of the lungs, was admitted twenl^ 
days before her death. Symptoms: high fever, head- 
ache, delirium, gradually developing coma. Ptosis of 
the eyelids, dilatation of the pupils, convulsions. Diag- 
nosis : miliary tuberculosis. 

Autopsy: the meninges studded with small whitish- 
gray paiiiicles. On the base of the brain an exudation 
in the sulci which completely embedded the motor oculi. 

The preparation shows one of these tubercles in the 
depths of a sulcus. It has caused by its increase in size 
displacement of the cell layer of the cortex. A collec- 
tion of such solitary tubercles may form a large tumor 
Sipecially in children). Here we have the opposite to 
e diaseminat«d variety o£ tuberculosis. 



Explanation of Plate 64. 

Fig. 1.— An aneurism (A>t), lying closely over the 
corpora qiiadrigemina whicli has produced softening, es- 
pecially in the region of the tegmentum of the cerebral 
peduncle (^T) and the corpora quadrigemina. The pa- 
tient, a man 63 years old, had tlie following symptoms : 
headache, vertigo, paresis of the left arm and leg, com- 
plete hemiansesthesia of the same side, ocular paraly- 
sis in the right eye, such as ptosis, paralysis of tha 
sphincter pupillfe of the superior rectus, etc. 

Fig. 2.— Caries of the Spinal Column. 

The preparation from a woman, 45 years old, who be- 
came sick with pain in the back and sides, associated 
with increasing weakness of the legs. After three 
months inability to stand and the presence of mild sen- 
sory and bladder disturbances. Tendon reflexes exag- 
gerated. Irregular fever j nothing abnormal in the spinal 
column. Eventually complete paralysis of the legs, con- 
tracture formations. An intercurrent cold abscess in the 
thorax corraborated the diagnosis of compression of the 
spinal cord secondary to caries of the vertebral column. 

Autopsy i Carious focua in the eighth dorsal vertebra 
(C); numerous granulations and caseous masses filled 
the spinal canal and caused compression of the cord and ' 
the outgoing roots (f). v, body of vertebra; pr. sp, 
spinous process. 

Pig. 3. — A tumor (^T), arising from the inner surface 
of the dura (d), extending into the central canal, devel- 
oped in a woman, 38 years old, with symptoms of se- 
vere pain in both legs, and in the course of three mouths 
complete spastic paralysis of both legs, as well as com- 
plete ansesthesia of the same (except coM was taken for 
hot) and incontinence of urine. Death resulted from 
cystitis and pyelitis. 

diagnosis: Compression of the spinal cord (carci- 
noma?). The tumor proved to be a sarcoma which com- 
pletely filled the vertebral canal from the second to the 
sixth dorsal segments. 
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Explanation of Plate 66. 

Fig. l.—Giimnia oftliK Base of the Brain. 

The sypiiloiiia {g) has its origin from the meninges, 
lies in tJie vieinitj of the adventitia of a blood-vessel {a), 
and is in part proliferated from the latter which shows 
the characteristic Inetio endarteritis. Proliferation of 
the tunica intima has gone on to snch an extent that the 
lumen of the vessels has become narrowed and nearly ob- 
literated. The process has extended so that the neigh- 
boring branch of the vagus ia encroached upon. 

The preparation is from a patient, 20 years old, who 
had suffered repeated strokes and in whom paralysis of 
the left abducens and facial nerves persisted. 

The autopsy showed several small gnrama formations 
in the basal meninges, adhesive and cloudy condition of 
the latter, arteriosclerosis of the blood-vesaela of the 
brain, and multiple foci of softening in the hemiapheres. 

PRTMARY DISEASES OF THE NERVOUS 
SYSTEM. ' 

Fig. 2. — Section through the Anterior Horn of the Car- 
vieid Cord in a Cage of lij/mal Muaeular Atrophy. 

The cells of the anterior horn are primarily diseased, 
atrophied, their protoplasmic prolongations are very much 
less numerous than normal, and in part they have en- 
tirely disappeai'ed (compare Plate 20, 2). The anterior 
roots are atrophic, secondary to the disappearance of the 
anterior horn cells. The degeneration extends seconda- 
rily throughout the entire extent of the neurons. There 
is degenerative atrophy of the motor nerves as well as 
of the muscles, due to the loss of the protoplasm. The 
nerve cells exercise a preservative influence on the fibre 
of the neuron and the muaclea to which it is distributed. 

Fig. 3. — Scheme of Secondary Dei/eneration in the 
Spinal Cord {see Plates 65-68) . 

If the continuity of a spinal-cord tract is interrupted 
by disease [or injury] there will result secondary column 
degeneration, because the neuron fibre is severed from its 
cell. The tracts that degenerate downward ("descend- 
ing") are especially the pyramidal tracts (neuron calls in 
the cortex), Goll's columns (spinal ganglion cells), the 
lateral cerebellar tracts (cells of Clarke's columns), and 
Gowers' column (cells in the middle zone of the gray 
eabstanee). 6S 




DISBASES OF THE OAJfGUOK C£3^LS. 
Explanation of Plate 56. 

Fig. 1, — Serlioti thruugh a Portion, of the ffi/pofflossal' 
Xucl'iue in Bulbar Farati/s'is. 

The nucleos is poor in fibres, its c«11s havs become 
extremely small, shrunken, their protoplasmic prolonga- 
tions have disappeared (compare Plate 20, 1), and in- 
cousijuenca of this the clinical manifestations wei« par- 
alysis and atrophy of the musculature of the tongne and 
severe form of speech disturbance. 

Fio. 2. — Cortical cells from a necrotic area of soften- 
ing in the brain which was secondary to embolic occlu- 
sion of an artery ; the area is seen to contain innumerable 
small fat bodies, products of destruction which have 
been stained black with osmic acid. 

Fig. 3. — Nucleated cells unstained. The free &t 
corpuscles are carried into the protoplasm by leucocytes' 
and in the same way transported further. 

FiQ. 4. — In foci which are the result of hemorrhages, 
coloring matter of the blood remains in the form of clumps 
of pigment and partly in the form of crystals stored in 
cells where it may be recognized a long time afterward. 

Fig. 5. — Amyloid bodies are found among other places 
in parts of the spinal cord which are the seat of degen- 
eration, such as in tabes. Their significance is not en- 
tirely clear. 

Fro, 6. — Advanced degree of cell and fibre atrophy in. 
the anterior horns of a spinal cord affected with amyo- 
trophic lateral sclerosis. Many of the cells are scarcely 
recognizable (compare Plate 20, 2). 

I'lG, 7. — Acute inflammatory process in the anterior 
horn of the lumbar cord in a case of anterior poliomye- 
litis. Numerous dilated blood-vessels surround the af- 
fected ganglionic cells, which latter are undergoing par- 
tial dissolution (granular disintegration). The proceaa 
terminates by the formation of scar tissue after the de- 
struction of the nerve elements. 

FiQ. 8. — Scar in the anterior horn, the result of a 
former hemorrhage into the substance of the spinal cord 
(h asm atomy el ia). The gray substance (cells and fibres, 
etc.) is destroyed and its place is occupied by cicatricial 
connective tissue with embedded clumps of pigment. 




Explanation of Plate 68. 

Diseases ov the Muscle Fibres. 

Fto. 1. — Normal transverse section of moscle in com- 
bination with transverse section of polygonal muscular 
fibre of small size with few cells. 

Figs. 3 and 3.— Transverse and longitndinal section 
of muscles from a case of spinal muscular atrophy (bi- 
ceps muscle). There is great dissimilarity in the thick- 
ness of individual fibres. One part has entirely disap- 
peared, anotber is very much smaller (p ). The muscle 
njiclei are very much increased and couatitnte rows of 
nuclei. The transverse striation of the protoplasm has 
disappeared in the degenerated fibrillae and the proto- 
plasm has become granular. 

Fig. 4. — Juvenile muscular atrophy ("progressive mus- 
cular dystrophy. Quadriceps muscle). Here whole 
bundles o£ muscle fibre have disappeared, the nuclear 
proliferation is striking, and many fibres are hypertro- 
phic. Transverse striation remains for a long time in 
spite of the extensive atrophy of the fibres. Frequently 
there is a deposition of fat between the muscle fibrillEB 
that are preserved (pseudo-hypertrophy). At A a so- 
called hypertrophic muscle fibre, 

Flo. 5. — Neurotic form of muscular atrophy (oppo- 
nens poliicis muscle). One recognizes the great lessen- 
ing in size of the fibrillfe and the nuclear proliferation. 
The transverse striations remain clear for a long time. 

Fig. 6. — Unstained muscle fibre: 

a. Degenerative mnacle atrophy from the quadriceps 
muscle in a case of lumbar myelitis. There is a gran- 
ular, cloudy condition of fibrillEe, the transverse stria- 
tions have disappeared, the fibres have become irregular 
and small. Toward the end there is a resorption of the 
destroyed protoplasm, the empty sarcolemma sheath re- 
maining. 

e. Slight neural muscle atrophy, small fibres with 
nucleated cells and preserved transverse striation. 
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^Explanation of Plate 69. 




Fig \.~Tke Jeff- hemisphere of a man, 5G years oid, 
who developed after repeated strokes a spastic paralysis 
of the right facial and hypoglossal nerves, of the right 
arm, and a weakness of the right leg (right-sided hemi- 
plegia). In addition to this there waa a loss of volun- 
tary speech (motor aphasia), defective understanding of 
words and of writing (word dumbness, loss of optic 
memory pictures). After three years, during which 
time dementia increased, he died. 

The photograph shows the outer surface of the left 
hemisphere, a great part of the cortical convolutions is 
destroyed (porencephaly). Entirely transformed into 
connective tissue are : the posterior portion of the mid- 
dle and the inferior frontal convolutions (g.fr.m and i), 
the upper and middle temporal convolutions (g.Us and 
m), the inferior parietal lobe (J.p.i), and in great part 
the anterior and posterior central convolutions, especially 
in their inferior portions (y.r.a andp), and the middle 
of the occipital lobes (o). Under tlie cortex the island 
of Reil and the medullary substance are estensively de- 
stroyed. Fossa of Sylvius (fS), fissure of Eolando 
(SR). 

Fig. 2. — View of the third ventricle opened (the cor- 
pus callosum and fornix removed). Complete destruc- 
tion of the left thalamus and its environs (corpora quad- 
rigemina, internal capsida). 

A man, 50 years old, had a stroke; three days later 
when he regained consciousness there was right-sided 
hemiplegia (face-arm-leg). Simultaneously there oc- 
curred a paralysis of the motor oculi of the left eye 
(hemiplegia alternans). Speech was not disturbed, but 
there was right-sided hemiantesthesia. 

The extensive focus was the result of a hemorrhage. 
Beneath the thalamus opticus of the left side the sub- 
thalamic region and outside it the posterior limb of the 
internal capsule were destroyed. In addition there was 
destruction of the left corpora quadrigemina (cqa) and 
the region of the tegmentum with the left motor oculi 
nucleus. (T/i, thalamus; Pule, pulvinar; cm, median 
commissure in the middle; ca, anterior horn of lateral 
ventricle; Cst, corpus striatum; c.c, corpus callosum), 



Explanation of Plate 60. 

FiQ. 1. — Section through the anterior quadrigiimiital 
bodies in complete destruction of the left tegmentaJ re- 
gion (t) \ the left quadrigeminal body is atrophic. The 
nuclear region of the left motor oculi beneath the aque- 
duct of Sylvius {AS) is destroyed. The tegmental re- 
gion, the red nucleus, superior and inferior fillet, sub- 
stantia recticularis, etc., are entirely absent and the left 
crusta is completely atrophic. Clinical condition as in 
case of Plate 59, Fig. 2 ; alternating hemiplegia. 

Fig. 2. — Section through the medulla of a young girl 
who had inherited a tuberculous tendency. She became 
sick rather suddenly with headache, vomiting, increas- 
ing weakness of the right leg and later of the right arm. 
Soon after there occurred paralysis of the facial and of 
the hypoglossal nerves on the left side (hemiplegia alter- 
naus), paralysis of swallowing, and sudden death. 

The autopsy showed a tumor of the pons, which had 
extended far into the medulla (tubercular) and had thus 
destroyed the pyramids and outgoing facial and hypo- 
glossal nerves. The tumor was a solitary tubercle with 
an enormous number of giant cells. 

Fio. 3.— We have considered yitey\o\xs\y fonal diseases 
of the brain. The accompanying preparation shows a 
ayatera disease of the same: chronic progressive ophthal- 
tnojilegia. The cells of the motor oculi nucleus (NIJI) 
are primarily degenerated and the normal number of 
fibres of the outgoing motor oculi nerve is greatly dimin- 
ished {III) (compare normal section Plate 3^, 2). 

The disease occurred in a woman sick with tabes. It 
caused a slowly developing paralysis of all the eye mus- 
cles. 

{c.p, posterior commissure; Sn, substantia nigra ; nr, 
red nucleus.) 
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ExplanatioiL of Plate 6 1 . 
Secondary Degbnebatiow in the Crobta. 

FiQS. 1 and 2 are cross sections through and closely 
' beneath the anterior corpora quadrigemina. There is a 
complete atrophy of the right pea pedunculus cerebri (x). 
The preparation is from a ease of extensive primary de- 
struction of the cortex of the brain. As the fibres of 
the peduncle have their neuron cells in the cortex, it fol- 
lows that after the degeneration of the latter a second- 
ary descending degeneration must follow. 

The fillet trart is smaller on the right side than on 
the left, but it is not totally degenerated (simple, not 
degenerative atrophy). The fillet fibres have their 
neuron cells not in the cortex, but partly in the nuclei 
of the posterior columns and partly in the subthalamic 
region and in the thalamus. Clinically there had been 
total left-side hemiplegia). 

(tro, optic tract; Sn, substantia nigra; L, lemnis- 
cus; cqa, anterior corpora quadrigemina.) 

FiO. 3. — Section through the anterior quadrigeminal 
bodies in total secondary atrophy of the most mesial pe- 
duncle bundles (frontal jkontine tract) (x). This partial 
pes pedunculi degeneration resulted secondarily to an 
area of embolic softening which had destroyed the limb 
of the capsule and the lenticular nucleus. 

Clinically there had been no indicative symptoms. 

J'^gni, medial geniculate body ; cff, lateral geniculate 
y; c, pineal gland, etc.) 

These and the following examples of secondary de- 
generation in the brain and spinal cord are for neurology 
especially of great significance, because it is by the cour.se 
of such degeneration that the different tracts have 
been made certain. We utilize the experiments made 
on animals inferentially in man. On such grounds have 
been developed the considerations here given. It forms 
A good repetition of what is given in Section III. 
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SbOOKDARY IIEGEKEKATIOX IX THE CsBEBKU. 

Peduncles. 

Fio. 1. — Seetwn. through the Third Ventricle (middle 
commissure). Beneath the lower border of the thalamos 
which has been severed above {Th) is situated the re- 
maining portion of the subthalamic region (Luys' body) 
(eL), medullary substance of the red nucleus (L), be- 
neath it the internal capsule (posterior limb) before its 
exit aa pes pedunculus cerebri. In the middle part of 
the latter (x) is an area of degeneration secondary to a 
destructive focus (hemorrhage) in the central convolu- 
tions. The degenerated area represents a part of the 
pyramidal tract. 

Fio. 2. — Section throuijh the Anterior Corpora Quadri- 
gemina. of the same Case. One recognizes here the posi- 
tion of the degenerated pyramidal tract (Fy) in the 
middle of the pes pedunculus cerebri ; it involves the en- 
tire pathway (not totally degenerated here) and in addi- 
tion a large area lateral to the degenerated portion. 

Clinically there had been left-sided hemiparesis of the 
face, arm, and leg. 

(tro, optic tract ; /, the descending pillar of the fornix 
which passes backward to the mammillary body; AS, 
aqueduct; cL, subthalamic body, etc.) 



Explanation of Plate 63. 
Segondarf Degenehatioit in the Poms. 

Pig. 1. — Section th-ough the Anterior Half of the Fona. 

The section belongs to the case Plate 61, 1 and 2. 
The fibres of the crusta on the left pass through in 
many bundles between the transverse fibres of the pons ; 
on the right these are abaeut, as are also the ganglia 
of the pons, and to this is due the enormous shrinkage 
of the right half of the pons. The tegmental regiou is 
normal. It is, however, to be seen that the secondary 
degeneration does not confine itself to the fibres that 
lie between two directly connected neuron ganglion sya- 
t«mB, but involves their cells as well. 

Fig. 2. — Section through the middle of ike pojis, with 
extensive secondary degeneration in the tegmental re- 
gion. The preparation is from the case Plate 59, 2 
(left-right!). Both brachia conjunctiva (B) (in pai't, 
right at e) (neuron cells in the destroyed red nucleus), 
are degenerated; then in the riglit tegmentum the central 
tegmental tract (rf), the entire upper fillet (j) (neuron 
cells in the destroyed subthalamic region and in the 
thalamus?), the nasal trigeminus root {Vii), the right 
pyramidal tract (x) in part, and other tracts are degen- 
erated. 

(Vm, motorial; Vs, sensory trigeminus nucleus and 
between the two the descending root (Fp); /, posterior 
longitudinal fasciculus; L.i, superior; Li, inferior fillet.) 



Explanation of Plate 64. 

Sbcondaet Degknekations in the Medttlla. 

Fio. 1. — Section through the Medulla just behind the 

Tlie left pyramidal tract (x) sbowa total aecontlary degenera 
tion, the result of primary destruction of tbe posterior limb of 
the Internal caspule by a hemorrhage (right-sided hemiplegia). 

One Bcea here the weli-kuowu course of the left strise acuatica) 
passing from the ventral acoustic nucleus decussating over tbe 
floor of the fourth ventricle (to the fillet) . 

Fig. 2. — TJie Medulla from, a Case of Infantile Cerebral 

The preparation is from a man, 30 years old, nho developed 
in Ills curly youth (congenitall acquired?) acessation of develop- 
ment of the entire right side of tlie body. There was flexion 
contracture, and paresis of the right arm and weakness of the 
right leg. Epileptiform attacks, athetosis. 

Upper nrm. Forearm. 
Lengthof J Right,29cm. Circuin- ) Right.ai cm, Right,19cm. 
arms, ( Left. 81 " fereace, ( Left, 34 " Loft. 84 " 

_, , , .t. L * Rigbt, 35 cm. ^ „ i Right, 39cm. 

Otamfemc. of .h,gh, , jj^^ J, . c.«, { ^l^ „ . 

Autopsy : The left central convolutions are shrunken (agene- 
sis?), the left pyramid (x) entirely atrophied, likewise the left 
fillet without strict degenerative loss of fibres, due to the fact 
apparently that the disease confined itself to one side, as ths 
medullary sheaths were also involved. The raphe was entirely 
displaced toward the left side and the right pyramid almost 
hypertrophied (compensation?). 

Fig. 3. — Medulla Obloni/nta, Case of Atrophy of the 
Fillet. 

The right fillet (Z>) is degenerated in a deacendiug direction 
and with it the internid arcuate fibres {fai, y) of tbe Bubstaulia 
reticularis I8r) of tbe left side 1 These arcitorm fibres form the 
direct coutinustiou of the crossed fillet and connect it with the 
nuclei of the posterior columns {nG) which pass up in the reatl- 
form bodies ipr). Pyramids {Pyx). 

The clinical condition was hemianGestheBia of the left side of 
tbe body. 




Explanation of Plate 66. 



HB Pyramidal 

Focua IN THE 



Descending Deqenekation 
Tract in the Cord fi 
Bbain. 



The preparations belong to the case Plate G4, Fig. 1. 
The left pyramid is totally degenerated (secondary), 
aDd this degeDeration may be followed in this tract 
throughout its entire extent in the spinal cord, also 
through the pyramidal crossing of the lateral tract 
(crossed tract) and in the anterior tract o£ the same side 
(nnurosaed tract). 

The lateral pyramidal tract (Fy) is sharply defined 
from the normal lateral cerebellar tract in the cervical 
and dorsal region, but iu the lumbar cord the pyramidal 
tract approaches the periphery, giving a vredge-shaped 
appeai-ance. The anterior pyramidal column (j-) is de- 
generated as far as the lower dorsal segments. 

In the anterior horn no change of any aingificance is 
to be seen. The degeneration ia confined to the central 
motor neuron, the pyramidal tract, iu its entire course. 

Pig. 1. — Cervical cord (level sixth cervical nerve). 

Fie. 2. — Dorsal cord (level third dorsal nerve). 

FiQ. 3. — Lumbar cord (level second lumbar nerve). 

FiH. 4. — Sacral cord. 



Explanation of Plate 68. 

DEHCKNDIKa DeqENEKATION IN THE SflNAL COED IN 
SpINAL-COBD DlSBABEB. 

Pig. 1. — Lower Ceivical Cord. 

Fia. 2. — Zower Dorsal Cord. 

Fig. 3. — Upper Lumbar Cord. 

The preparations are from a man, 40 years old, who 
suffered a fracture of the cei-vical spinal column, the 
result of a fall, which caused crushing of the lower cer- 
vical cord. There resulted : complete spastic paraplegia 
of the legs, inuscular atrophy and paralyais of the small 
muscles of the hands, auEesthesia, incontinence of urine, 
etc. 

Autopsy : The lower half of the area of t-ompression 
involved the cervical cord : descending degeneration of 
both lateral pyramidal and anterior pyramidal tracts, as 
well as a comma-shaped area (Schultze's comma, ascend- 
ing fibres ai'ising from the gray substance) in Eurdach's 
columns, also a pale area in Goll's columns. It is to be 
observed that to the left lateral pyramidal column ti-act 
there belongs a small anterior column tract, to tlie right 
a not sharply defined anterior column tract (individual 
peculiarities). In the dorso-lumbar cord there is double- 
sided degeneration of the pyramidal tracts. The degen- 
eration of the posterior columns has disapiieared (short 
ti-acts). 

Fig. 4, — Lunibar Cord in Compression of the Dorsal 
Cord. 

The preparation is taken from the same case as Plate 
64, Fig. 3, a sarcoma of the dura. Kelow the point of 
compression there occurred a degeneration in tie pyram- 
idal tracts of both sides and a slight degeneration in 
the border zone of the anterior lateral tracts (descending 
branches from the gray substance [middle zone] of the 
central sensory neurons). 

The large number of fibres radiating into the anterior 
horns from the posterior horns and anterior roots is 
clearly represented. 
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Explanation of Plate 67. 



Ascending Ubgkneration i 



; Spinal Cord, 



A soldier, 22 years old, received a severe fall on the 
lower dorsal spinal column which resulted in fracture of 
the bone and transverse crushing of the lumbar oord. 
The consequences were a complete flaccid paraljaia of 
the lower extremities, which was followed by rapidly de- 
veloping muscular atrophy of a degenerative type and dia- 
turbances of sensibility, paralysis of the sphincter of 
the bladder and rectum, and loss of patellar reSex. 
Death from cystitis two months later. 

Fig. 1. — The Crashed Tipper Lumbar Cord. 

Fig. 2. — Middle Dorsal Cord. Here is to be aeen a 
secondary ascending degeneration of the columns of Goll 
(neuron cells in the spinal ganglia). 

Fig. 3.— Lower Cervical Cord. Goll's columns (f(f) 
show a wedge-shaped area of degeneration; their surface 
is very much smaller than in sectiona from a lower level. 

In addition there is to be seen here an ascending de- 
L generation of the left lateral cerebellar tract (Cb) and 
of the left column of Gowera (G). (As can be perceived 
in Fig. 1, the gray substance and Clarke's columns are 
very much more extensively destroyed than the right; 
here lie the neuron cells for those columns.) 

Goll's columns conduct accordingly the long sensory 
tracts from the lower extremities upward; these fibres 
lie laterally to those that enter higher up, the long tracts 
from the trunk and upper extremities (Burdach's col- 



Explanation of Plate 68. 

Abckndino Degeneration in the Cekyical Cobd 
AND TKB Medulla. 

Fig. 1. — Ascending Secoiidary Degenerntimi inthe Cer- 
vical Cord consequent to primary acute dorsal myelitis. 
As tlte result of the interruption of continuity of the 
fibres in the dorsal cord, the following columns degen- 
erate in an ascending direction on both sides: GoU's 
columns {/(?), the lateral cerebellar columns {Cb), and 
Gowers' columns with their posterior gussets. 

Fig. 2. — Section through the Pyramidal Crossing. 

Ascending degeneration in chronic (syphilitic?) mye- 
litis of the dorsal cord. Goll's columns {/&), the 
lateral cerebellar columns {Cb), and Gowers' columns 
(6^) are degenerated. 

Fig. 3. — Section through the Medulla at the level of 
the inferior olives. 

The preparation is from the same specimen as Plate 67 
and follows immediately after the section of Fig. 3. 

One can recognize the ascending degeneration of 
Goll's columns (/G) which at this level have passed 
into the nuclei of GoU (nG). The degeneration has 
not affected the terminal fillet fibres (a new individual 
neuronl). The degeneration of the left lateral cerebellar 
ti'act is clearly apparent {Cb). 

In consequence of the somewhat oblique course of the 
section only the left olive is included. 

{L, fillet; fai, internal arcuate fibres; olm, median 
olive, etc.) 



V. 

SPECIAL PATHOLOGY OF THE 

SPINAL CORD AND OF THE 

PERIPHERAL NERVES. 



(To WHICH Belongs Section V., Pages 188 et 

SBQ. of the Text.) 
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Explanation of Plate 68. 

FoKMS OF Myelitis. 

Pig. l.—AeuU Oolwmn.FoTm Mydilia (Ttxcie). Oervieal Cord. 

A man, 43 jeare old, developed scqueDCially to s. severe ery- 
sipelns, first painful aensitiveneaa of tl»e arms and legs, whicb wiia 
quickly followed bj pHresia but not complete paralysis, sligtit 
dlaturbiiDce of setiHibillt; Bod of the fimction of the bladder (pain 
sensatioQ normal) , termioal diaphragm paresis. Duration of dis- 
case only four months. 

Diagnosis : Multiple neuritis. 

Autopsy : Eittensive myelitic degeneration of the posterior 
columns (fG, fB) , which reached from the ccrvital to the 
lumbar cord region -, myelitic foci in the lateral columns, espe- 
cially of the cervical cord ; slight chaoges in the nerves. 

The case would seem to indicate tliat conduction through the 
posterior columns for the senaibiliCy of the shia is Dot necessary. 

Fig. a. — CAtohic Myelitii {SyphUUief) of the Dorsal Cord. 

A 4B- year-old man (probably syphilitic) sickened with slow, 
progressive wenkness of the legs, no pain. After eighteen 
months complete paraplegia, Geusibillty in all qualities lost ; 
patellar reQexes lively ; incontinence. 

Autopsy showed a diffuse, widespread myelitis extending over 
the entire transverse section of the cord, its severest manifesta- 
tions being between tho seventh and ninth dorsal segments. Be- 
neath tbis the pyramidal tracts were the seat of descending degen- 
eration. Above the sections appear as Plate 68 ; Fig. 2 of thai 
plate being from this case. 

Fig 3.^" Gompremon MyeHtU." A carcinoma of the third 
dorsal vertebra which caused a conipression of the dorsal cord and 
resulliag severe degeneration of fibres in all parts of the section. 

The case was that of a woman, 42 years old, who began to be 
Bich with severe neuralgic pains in the back, which was quickly 
followed by paresis of the lower estremitlcs ; these increased 
until she was bed-ridden and were associated with some disturb- 
ances of the bladder and of sensibility. After three mouths 
complete paraplegia, formntion of contractures, and such severe 
pnin that it could scarcely >>e controlled by morphine. Duration 
of disease six oiouths. 
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Syr IN O OM YELIA. 

Pig. 1. — Hydromyelia of the Upper Dorsal Cord. 
(Professor von StrUmpell'B Preparations ) 

A man, 35 years old, hereditary tendencies, sickened 
with slow, increasing weakness and stiffness of the legs; 
soon after of the arms, with increase of the tendon re- 
Ilexes; spaBin of the muscles became aggravated ; no 
muscular atrophy, sensibility normal. 

Diagnosis : Spastic spinal paralysis. 

Autopsy : Hydromyelia with degeneration of the py- 
ramidal tracts. 

The central canal in its entire extent was distended 
into a wide, irregular cavity filled with fluid {hydro- 
myelus). Congenital? 

Figs. 2 and S.^Sections through the Upper and Mid- 
dle Cervical Portions of Another Case of Syringomydla. 

The cavity formation extends partly in the anterior, 
partly in the posterior horns, entirely penetrating the 
latter. The clinical course was as follows: A man, 
about 40 years old, developed emaciation of the right 
hand, the right arm, and later of the left arm and hand; 
the muscles of the ball of the thumb, hypothenar emi- 
nence, and interossei showed the degenerative atrophy 
first. On the arm the pain and temperature sensibility 
were entirely lost, the touch sense normal. Later there 
occurred trophic disturbance in the hands, inflammatory 
necrotic process in the phalanges, finger nails, and in 
the joints. 

In Fig. 2 a partial ascending degeneration of Goll's 
coliimna{K) is recognizable consequent to the involvement 
of the posterior columns by the cavity formation of 
Fig. 3. 




Explanation of Plate 73. 

Fig, i.— Section through tlu Medulla of a Ca»e of ChroTiic BuVmt 
ParalysU vrith Amyotrophic Lateral Bderoeii. 

A maa, 3G years old, was taken sick wiUi a stow, progresaive 
atrophy and paralysis of tbc small muscles of botb bauds. 
followiDg there was dlstioct biDdrance of apeech (bulbar speech) , 
the iiiDveaieuts of the lips aad tongue became slow, and the in- 
Tolvod muscles coutinued to atropby and there were lively fibril- 
lary inuscular contractions of the tongue. The gait was very 
Blow and atiff. After two years there was complete atrophy and 
paralysis of the tongue and lips, paralysis of 8wall^wing, speech 
impossible, arms entirely atrophic, and spastic paresis of the 
lega. Death from pneumonia of swallowing. 

Preparations ahow : severe loss of cells and fibres in the bypo- 
gloBsal nucleus {aee Plate 56. 1) , lightening in the pyramids. In 
the facial nucleus also a loss of cells. 

Pio. 2. — iSfcciioji til-rough the Lower Cermeal Cord of a Cam <^ 
Amyotrophic Laleral Scleroiii. 

The clinical course of the disease was very similar to the 
alKive-descritied case, except that in uncomplicated cases bullwr 
symptoms do not show themselves. Degenerative, slowly in 
creasing atrophy ut the muscles of the upper extremities begin- 
ning in the thenar and interossei groups : spastic paresis of the 
legs ; Bcupibility and bladder intact. Increased, lively reflexes. 

Preparations show : aeverelosBof cella and fibres in the anterior 
horns (diminution in size of the same) and degeneration of the 
pyramids on both aides. 

Fio. 3. — Seetion thnmgh the Antenor Home qf the Cervical Oord 
in a Caee of SpiTiai Muscular Atrophy (StrQmpell) . 

A man, 35 years old (bad hereditj) . became sick with atrophy 
and paralysis of the thenar muscles and of the interossei. In the 
course of years the atrophy involved all the muscles of the arms, 
the shoulder girdle, the rib and neck muacles. Pteaction of de- 
generation in the muscles, fibrillary twitchings, sensibility nor- 
mal. No bull)ar manifestations, no disturbance of gait. 

Preparations : Striking lessening in size of the anterior horns. 
Marked cell disappearance in the anterior boms (see Plates 66, 
6 and 55. 2). The anterior roots are also atrophic (compare 
thfiir radiations In Plate 47, 1). In the anterior horns a close 
network of cicatricial glia tissue. Lateral columns normaL 
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Explanation of Plate 73. 

Tabb8 DoKSAiiB. 

lo tjibea there is degeneration iu part of the fibres of the 
peripheral seDsory neuioDs. most frequently of the lower ei- 
tcemities, more seldom of the arms and face (trigeminus). 
Wbere the priinar; sent of tliti lesion is, it is not possiblu to say 
{neuron cells of the spinal ganglia?). The lirst to be diseased id 
all probability are certain rcfiox tracts (collaterals from the pos- 
terior roots), then the posterior roots (see Plate 77. Q) in their 
entire course, and the short fibres that pass into the posterior 
boms, Clarke's columna as well as tlic fibres of the lung tracts 
(those that pass from the roots of the lumbar cord to the columns 
of Goll}. The peripheral portion of the neurons is always do- 
generated (acDsory cutaneous nerves). (See Plate 57, 4.) 

Fig. 1. — Section tkrovgh Ihe LoTHer Borml Oord. 

The posterior coluinna are enormously degenerated; the greater 
part of the ascending and descendiug fibres from the posterior 
roots are degenerated. The ventral field (b) of the posterior 
columns does not coine from the posterior roots and it is in tabes 
invariably apared. The abort tracts ihot radiate into the poa- 
terior horns from the posterior roots are entirely lost (compare 
normal section Plate 44, 1). Clarke'a columns in conaequcDce 
of the loss of flbrea appear as clearly differentiated round white 



Fia. 3. — Section thrtmgh the Upper Lvmbar Cord of AnolTier 

The degeneration is limited to symmetrical fields of both pos- 
terior colum betw hi h a small district is preserved (oval 
field. /o). In add t □ th re is a so-called "border degenera- 
tion"iatl)e b d 1 nd b tween theanterioraud latcralcolumns. 
Principally th h rt d bc ndiag tracts, which wise from the 
cells of theg y b ta "e ( ntral neurons), are degenerated. 

Fig. &.—Se t th ghtlieLoiMrLumbiirEegionqfa TTiirtlGtte. 

Aside from the equal clearing to be seen in the posterior col' 
umua (ventral fields normal), tiie degeneration of the posterior 
roots (rp) is clearly recognizable, while the anterior (ra) are 
colored black and appear nornuil. 



Explanation of Plate 74. 
Tabes Uobsalis. 

Fl6. 1.— SH«M»t tkmt^ Ae Cerriail Ceni of the Caae PlaU 73, 
F^. 1. 

Tbe coDttDuadoD of tbe long ascending posterior root fibres of 
tb« lumbar cord, fomiuig tbe coliuun of Qoll, is totally degeoer- 
atcH. In Burdarli's coluiiui there 13 likewise fin area of ligbleo- 
iug in the middle tooe (long fibres from tbe dorsa) and cervical 
oord roots) . The medullar; bridge at the apex of the posterior 
boras (£, column of Lissauet) which contains the most lateral 
Qne loot fibres is degeiterated. 

Tbe preparations are from a man. 50 jeais old, who for 3Jx 
years complained of distressing sensiiirencss in the region of the 
sloroacb, which later became a girdle feeliag about clic eulire 
abdomen. During tbe last four years there was increasing un- 
certainty of gait, frequent attacks of neuralgiform pain in the legs 
(laucinatiDg pains) . Panestbesi^. In addition there was loas of 
tbe patellar refles and of the pupillary light reBex, severe ataxia 
of locomotioD. distinct disturbance of sensibility (delnyed pain 
sense), disturbance of tbe bladder. Later there developed a 
chronic swelling in tbe left knee joiot (labic arthropathy), 
curved kneea. and the ataxia became so severe that he was com- 
pletely bed-ridden. 

Fio. 3. — Seeli^i tliraiig/i the Cenital Cbrd <tf a Que qf»-ealled 
" nigh TaUt. " 

In addition to tbe disease of tbe perlpbcrel sensory neurons of 
the lower extremities, those for the upper extremities are lika- 
wisc very much diseased, and it is thus that tlic entire posterior 
columns are degenerated in tbe cervical cord (Goll'a and Bur- 
dach'a columns). There is, furthermore, an nsjmnietrical dis- 
ease of tbe lateral pyramidal tracts (slight lightening in tbe 
same). We have bere, tberefoie, a coi»biaed tabes. 

Fig. 3. — Seciton through the Upper Certical Cord. Cam of Oom- 
Mn«f Taba. 

In this case, also a "high" tabes, a portion of tbe posterior 
columns, the posterior outer field, is preserved. In addition 
there ia a distinct bilateral degeneration of the lateral cerebellar 
tracts (tabes combine). Clinically in this case there nas strik- 
ing muscular paresis and preservation of the pupillary reBex I It 
was nevertholesslookeduponas a possible caseof "pseudotabes. " 
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Explanation of Plate 75. 

Spinal Paralysis, 

The preparations are from an extremely interesting 
case, which Professor Striimpell has published recently. 
It is the only case of purely spastic spinal paralysis which 
is clearly explained anatomically. (This form has been 
postulated on theoretical grounds for years by Charcot 
and Erb.) A. woman, 63 years old, sick for about two 
years with gradually increasing weakness of the legs and 
arms. The paresis gradually increased to complete par- 
alysis of the legs and arms, the muscles became rigid, 
allowed of but slight passive motion, spastic resistance, 
lively reflexes. No muscular atrophy, no disturbance 
of the bladder or of sensibility. Eventually (three years 
after) entire paralysis of the voluntary skeletal muscles 
(eye, face, masticatory, tongue, neck, ai'm, trunk, leg 
muscles). All the others normal. Anatomically there 
was found symmetrical degeneration of the pyramidal 
tracts in their entire course from the cortex of the brain 
through the internal capsule (see Plate 57, 6), the brain 
stem, the medulla, and spinal cord (central motorial 
neuron complex). 

Fig. 1.— Section through the Me^vUa. 

Both pyramids are degenerated, pale, a greater part of 
their nerve fibres have disappeared. 

Fig. 2.— Section through the Ceroical Cord. 

Degeneration of both pyramidal tracts. In addition 
there is a slight cell atrophy in the anterior horns, (Ap- 
proaching amyotrophic lateral sclerosis.) 

Fig, 3. —Section through the Middle Dorsal Cord. 

A lightening in the lateral pyramidal tracts. 

FlQ. 4,— SettfioM through the Lumhar Cord. 

8&me condition as in 3. The diseased pyramidal 
tracts hare approached the periphery. 



Explanation of Plate 76. 

The Combiijkd System Diseases. 

Besides combined tabes there are other rases in which 
there occurs not only disease of neuron complexes which 
stand in anatomical or functional relationship, but in 
which simultaneous primary degeneration of neuron 
complexes of different function takes place. The point 
of origin of the degenerative processes (primary disease 
of the neuron cell? neuron process?) is not yet definitely 
known. 

Clinically these cases present a slow, prc^ressive^ 
spastic paresis of the legs, arms, and also ataxia of the 
same, combined with more o<: less clearly demonstrable 
disturbance of sensibility and of the bladder. !No mus- 
cular atrophy. Such a disease, for instance, is heredi- 
tary ataxia (see test). The following are sectious from 
the spinal cord of such a case : 

Flo. 1. — Section through the Cervical Cord. 

Symmetrical disease of the lateral pyramidal and the 
anterior pyramidal tracts, and of the lateral cerebellar 
tracts of Goll's columns, and of the middle district of 
Burdach's columns. 

Fig. 2. — Section through the Lower Dorsal Cord, 

As in flection 1, in the posterior columns the degener- 
ation is less extensive and involves more the middle 
part of the posterior columns, 

Fig. 3.— Section through t/te Lumiar Cord. 

The lateral pyramidal tracts very severely degenerated ; 
in the posterior column only a very small area of light- 
ening. 
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Explanation of Plate 77. 

Degeneration of Pekiphebai Nbktes. 



Pig. 1. — Aicending S&xmiary Degeneration in. the Scialic Jferve 
qfter Amputation of the Leg. 

A man fourteen years previously had siifFered amputation 
of the leg. The figure shows the boundary of a nerve bundle, i 
which the larger part of the nerve fibres has disappeared, espe- 
cially the coarser flbrcB are degenerated secondarily in an ascend- 
ing direction (the result of loss of function caused primary 
neuron-eell disease io the lumbar cord?) ; the finer are souiewhat 
better preserved. (Compare with the normal transverse sectiou, 
Plate 46, 3.) 

Fig. 2.—De»xndi7ig Degeneration qfVte Right Optic Nerve after 
Deatrtietion t^Oie lAft Lateral Oeniculate Body and the Bight Cor- 
pora Quadrigemiiia. 

In the optic nerve pass fibres the greater part of which have their 
neuron cells iu the retina alongside of those which have their 
celts in the so-called subcortical optic centres. These last degen- 
erate in a descending direction, the others in an ascending. We 
recognize here a transparent sector- shaped ores (j;) in the optic 
nerve. (Compare with the normal optic nerve, Plate 46.) 

Fig. 3.—0ampre»tion Ifeuritie of the Oplic Nerne. 

A case of acromegaly which had a malignant tumor of the 
hypophysis, which latter surrounded the optic nerve and 
caused partial degeneration {x, x). V, sheath of the optic nerve 
(dural sheath) . 

Fio. 4. — A Motor NtrvB Branch in Spinai Miiecrilar Atrophy. 
One readily sees the considerable loss of fibres widely diffused. 
(Belongs to the case from which Plate 73, 8 Is prepared.) 

Fio. 5.~PotteriorIio<afromlheLwn}arCoTdinaCaMqfTaba. 

(Belongs to the case, Plate 73, 3. ) The bundle which is repre- 
sented (X) is from the posterior root and contains scarcely tea 
□orntal fibres ; to the right of It (he Bbrea ore somewhat better 
preserved, V, blood-vessel, 

Fia. 6.— BuJidZoi of the Penmeal Seme from a Ch« if Naiin^ 
Miueular Atrophy. One recognizes the loss of nerve fibres in focal 
areas, especially in the district of the middle bundle. Involve- 
ment of the spinal cord is not excluded (motor anteriar-hom 
cells t). 
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Explanation of Plate 78. 

Multiple Neuritis. 

Piaa. 1 and2. — Preparations from 8eixre Caiesof Aleoliolie Iftu- 
rift* {ifrom Oie Oi'ural Nene, Sfrom the Seialic). 

A man, 40 yeara old, heavy drinker, -was taken sick rather 
acutely with general weakDess of the extremities which rapidly 
became complete paralysis. Great sensitiveness on pressure over 
the nerve trunks, loss of patellar reflexes, disturbances of sensi- 
bility, rapidly developing muscular atrophy. Strychnine injec- 
tions made hia condition worse. Presence of psychical disturb- 
ance. Death after two sud one-balf months. 

An advanced degree of destruction of nerve fibres in all the 
peripheral nerves was found. In many bundles but from six to 
twelve {see Fig. 2) normal transverse sectiona of nerves are to be 
Been (compare Plate 46, 2). This degeneration extended up as 
far as the anterior roots of the spinal cord. 

Fia. 5. — Transmrae Section of the Cardeal (hrdcfikii due. 

One recognizes the uncommonly distinct atrophy of the an- 
terior roots in their passage through the antero-fateral tracts 
(ra) ; there can be seen also in the anterior horns a perceptible 
lightening, particularly in the middle portion {m), which Is 
secondary to the degeneration of the anterior roots which enter 

1 (long fibres 

Fig. S.—Fii»t-l>iphth&riti6 2feunfig. 

Cross section of a bundle from the crural nerve showing high 
degree of fibre degeneration. Taken from a 15-year-otd bOT', 
who, after convalescence from a severe pharyngeal diphtheria, 
developed acute pharyngeal paralysis and shortly afterward 
paralysis of the extremities. Pateflnr reflexes were lost within 
ten days, alight pain and disturbances of sensibility. Death 
from paralysis of the vagus. 

Pig. i.—L<mffitvdinal Section ef a Neree BwndU from the SeirUie 
Nene (^ a Fbti^it with lafeetiout Multiple Newritia {Landry't 
Faralssit). 

In a part of the degenerated nerve fibres are seen the products 
of cell destruction {little balls of myelin) which have not been 
transported away. The nerve fibres are found in all conceivable 
stages of degeneration. 

The preparation is from a case in which the cause of the dis- 
ease was unfathomable. A woman, 30 years old, sudden severe 
sickness (fever?) , complete paralysis first of the legs, then soon 
after of the arms (ascending paralysis) , The patient soon be- 
came unconscious, was very much neglected for the first two 
day, but death came while under treatment by a physidan 
(Spinal ooTd not examined. ) 



SECTION I. 
Morphology of the Nervous System. 

(Plates 1 tolU.) 

The uervous sj'Btem of mancoiisiatsof (1), the cen- 
tral organ (brain— spinal cord) with the peripheral 
nervea that spring from them; and (2), the sympa- 
thetic nervous system, consisting of a chain of sym- 
pathetic ganglia and their fibre ramifications. 

These two divisions are closely connected with each 
other by means of numerous nerve tracts. 

The brain and spinal cord lie in a bony capsule or 
protective framework, the cranial cavity and the 
spinal canal, from out of which the peripheral nerves 
pass to the soft parts. The sympathetic chain of 
ganglia lies on both sides of the vertebral column and 
immediately in front of it. 

The brain and spinal coi'd are surrounded by three 
membranous envelopes, the meniogeB. The outer 
one, lying immediately beneath the bone and serving 
as periosteum in the cranial acvity, is called the dura 
mater. It is a firm, dense, fibrous membrane. It 
surrounds the brain and spinal cord like a sac and 
covers also the outgoing nerves as far as their caualw 
of exit where it ends, blending intimately with the 
margins of the foramina through which the nerves 
pass. In the dura course the broad collective chan- 
nels for the venous blood of the brain, blood which 
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flows into the internal jugular vein from the sinus 
venosi (ainuB falciform, superior, inferior, cavemoeus, 
petroaus, tranaversus, etc.). 

Prolongations of the dura pass into the interior of 
the skull cavity. The vertical portion of the dura 
that passes from above downward in the sagittal 
median line is adherent anterioriy to the crista galli, 
great falciform process (sickle process), which di- 
vides the skull cavity in the upper half into two 
pari;8. The transversely coursing tentorium serves as 
a roof for the posterior cavity of the skull. 

The dura surrounds the brain and spinal cord 
loosely, and beneath it is found a space filled with 
lymph, which is known as the subdural lymph space. 

The second envelope is a thin, cobweb-like cover- 
iug, the arachnoid. It is in close apposition to the 
brain, but less so to the spinal cord; it bridges over 
the depressions in the brain without sinking into 
them. The Pacchionian bodies on each side of the 
falciform process are structurally connective-tissue 
constituents of the arachnoid. Under the arachnoid 
is the subaraohnoidal lymph space, containing cer- 
ebro-spinal fluid, consisting of numerous compart- 
ments which communicate one with another. The 
moat internal envelope, the pia mater, in conjunction 
with the arachnoid form what are usually called the 
"meninges." The pia dips into all the fiaaures and 
depressions of the brain in close contact with the 
nerve substance. The inward prolongations into the 
depressions are known as tela choroidea. It trans- 
ports the proficient vascular supply of the brain and 
spinal cord. 

The brain consists of two hemispheres and the 
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brain stem. The direct continuation of the latter 
portion is the spinal cord. The latter passes nearly 
perpendicular to the position of the former, owing to 
the fact that the brain stem below bends downward 
at an angle of nearly !I(J°. 

The weight of the fully developed brain varies 
from 1,300 to 1,400 grammes. 

The two hemispheres, which are connected one 
with another only on their median surfaces, consist 
of a superficial enveloping gray substance, the corti- 
cal substance, cortex cerebri, and of a central white 
mass beneath the cortex, the medullary substance. 

The cortex does not spread itself smoothly over the 
medullary substance of the hemispheres; on the con- 
trary, following the formation of the numerous sulci 
it is arranged in worm-like gyri or convolutions. It 
is to this arrangement that the greater area of the 
gray matter is due. 

Of the convolutions, one part is constant while the 
other depends on individual variation. Each hemi- 
sphere is made up of varioiis lobea; each lobe com- 
prises several cortical convolutions and one portion 
of medullary substance. 

In the anterior part of the cranial cavity lie the 
frontal lobes, constituting the anterior pole of the 
brain. They have two principal fissures, superior 
and inferior frontal sulci, which divide the frontal 
lobes into three convolutions, the superior, the mid- 
dle, and the inferior frontal gj'ri. 

Behind the frontal lobes, somewhat posterior to the 
middle of each hemisphere, passing from posteriorly 
above to anteriorly below, is a deep sulcus, the cen- 
tral fissure of Rolando. It separates the two central 



4 ATLAS OF THE NERT0D3 SYSTEM. 

convolutions, the anterior central gyrus and the pos- 
terior central gyrus. Behind the central convolutions 
lies the parietal lohe, which is divided by the inter- 
parietal sulcus into the superior and inferior parietal 
lobes. 

On these lobes border the occipital lobea, constitut- 
ing the posterior pole of the brain. They are sub- 
divided like the frontal lobes into three convolutions 
— the superior, middle, and inferior occipital gyri. 
The basilar surface of the occipital lobes rests upon 
the tentorium. The temporal lobea lie toward the 
middle of the cranial cavity. They have three fis- 
sures, the superior, middle, and inferior temporal 
sulci; and three convolutions, the sujwrior, middle, 
and inferior temporal gyri. The temijoral lobes in 
front and above are separated from the frontal and 
central convolutions by a very deep broad Bssure, the 
fissure of Sylvius, which posteriorly passes directly 
into the inferior parietal convolutions. It thus gives 
rise to three arciform convolutions which in the in- 
ferior parietal lobe are known, enumerating from in 
front backward, as the supramarginal gyrua, the 
angular gyrus, and the preoccipital gyrus. At the 
bottom of the Sylvian fissure hes a lobe covered over 
by the neighboring convolutions, especially hy the 
temporal and central lobes. This lobe is composed of 
a number of small convolutions and is known as the 
island of Beil. 

The convolutions that have thus far been consid- 
ered are on the external convex surface of the hemi- 
spheres. On the median surface are found in front 
the upper continuation of the superior frontal convo- 
lutions. The central convolutionB unite in the para- 
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central lobes aud the parietal lobes continue as the 
prsBcuneua. The latter is separated from the median 
surface of the occipital lobe by the pa rieto- occipital 
fissure. The median surface of the occipital lobe is 
divided into the cuneus above and lingual lobe be- 
low, separated by the calcarine fissure. 

On the under surface of the temporal lobes, the 
median portion of the occipi to-temporal gyrus bor- 
ders on the inferior temporal gyrus, and separated by 
the oecipi to- temporal fiassure lies the inferior margi- 
nal convolution, the gyrus hippocampus, which ends 
anteriorly as the uncus. On the base of the frontal 
lobes, the fissures of importance are the straight sulcus 
and laterally to this the tri-radiate sulcus, to which 
belongs the middle frontal gyrus. Aside from the 
above-mentioned convolutions on the median surface 
of the hemisphere there are othor relationships to be 
considered. The cortex terminates superiorly as the 
gyrus fornicatus and below as the gyrus hippocam- 
pus (superior and inferior marginal convolutions). 
Beneath the superior marginal convolution the white 
substance breaks through both parts, unites and con- 
stitutes the corpus callosum. 

Above the inferior marginal convolution the white 
medullary substance passes out of the two hemi- 
spheres converging as in the corpus callosum and 
uniting to form a part of the brain stem at its begin- 
ning (crusta). 

Between the corpus callosum and the cerebral 
peduncles are a number of formations and spaces 
which will be considered later on. Here it only re- 
mains to call attention to the fact that the entire 
middle portion named, bordering upon the marginal 
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ooDVolution, has no longer a covering of cortical sub- 
stance. 

The corpus callosum, which connects the two hemi- 
spheres, ia made up of thick layers of white sub- 
stance. Its larger, middle portion passes in a nearly 
horizontal direction. The anterior part, the knee of 
the corpus callosum, bends basalward and just be- 
fore its termination somewhat backward. The pos- 
terior end thickens into a cushion-like prominence 
and is known as the splenium of tlie corpus callosum. 
In the interior of each hemisphere is found a maaa of 
white medullated substance, constituting the core of 
the various lobes of the hemiapheres aa previously 
described. Id its upper half, up to the level of the 
corpus calloBum, thia mass of white substance is 
formed by the radiation of fibres from this structure. 
As shown in cross section at this level, it is called 
the centrum semiovale of Vieuaaena. In its baaal 
portion there is seen embedded in the medullary sub- 
stance a grayish-red mass the size of a goose e^. 
This constitutes the root ganglion of the brain — the 
corpus striatum. It ia divided into the lenticular 
nucleic, situated laterally; and the caudate nucleus, 
situated mesially. Thia separation is produced by 
a white tract passing through this region from the 
cortez of the various cerebral loljes. It emerges from 
the base of each hemisphere as the cruata. 

In the interior of each hemisphere is a system of 
cavities fiUed with lymph, the lateral ventricle {ven- 
tricul. lateral.). The roof of each lateral ventricle is 
formed by the median half of the centrum semiovale 
of that side, and because of this circumstance it is 
here known as the tegmentum of the ventricle. The 
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basal ganglia, under the name of the corpuB striatum, 
pass out of the medullary substance as a free surface 
and project outward and below into the lateral ven- 
tricles. 

The part of the lateral ventricle that is situated be- 
tween the under surface of the lateral portions of the 
corpus callosum above and the basal ganglia helow is 
known as the middle cell (cellula media). The ventri- 
cle from here extends by its anterior bom (comu au- 
terioris) into the anterior lobe, by its posterior horn 
{cornii posterioria) into the occipital lobe, and by its 
inferior horn (comu inferioris) into the temporal lobe. 
The anterior and posterior boms are entirely sur- 
rounded by the white substance of the hemisphere. 
The inferior hom, on the other hand, is not closed in 
the median line (inferior aperture). This results 
from an involution and contraction of the inferior 
marginal convolution, which forms in consequence a 
cushion or pad-like projection into the inferior hom, 
known aa the comu Ammonia. The exact end of the 
cortex of the gyrua hippocampus forms the small 
gyrus dentatua (fascia Tariui). Thia relationship is 
well seen in the section, plate 'i7. 

From the free end of the cornu Am monia arises the 
medullated fimbria, forming the termination of the 
white suhatance of the gyrus hippocampus. It 
passes along with the superficially indentated Am- 
mon's horn " digitationes corpus Ammonia" from the 
anterior end of the inferior hom backward and up- 
ward. At the point of divergence of the inferior 
horn from the cella media, the fimbria separates from 
the comu Ammonis, uniting with its fellow of the op- 
posite side as the ascending pillars of the fornix 
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"criia aseendeos fomicia," converging toward the 
inferior surface of the posterior portion of the corpus 
callosum, and thus forms in the middle a triangular 
space, the psalterium. The united furnix passes be- 
neath the corpus callosum and unites with it some dis- 
tance forward. It divides, however, before it reaches 
the genu of the corpus collosum and again descends 
as the two descending pillars of the fornix. At the 
base the descending crura of the fornix turn back- 
ward and terminate in the bilateral mammillary 
bodies. 

Between the knee of the corpus callosum and the 
descending pillars of the fornix there remains in the 
middle, in consequence of the relations already de- 
scribed, a free apace which is filled out by two small 
partitions, the septa pellucida, with a small cavity 
lying between, the ventricle of the septa pellucida. 
To the side of each septum lies the lateral ventricle 
beneath the corpus callosum. 

From the floor of each lateral ventricle, passing up 
abruptly out of the medullated substance of the hemi- 
sphere, there projects into the ventricle the free 
upper surface of the corpus striatum. Its anterior 
broader portion, extending toward the anterior horn, 
is called the head of the corpus striatum {in section 
nucleus caudatus). From the head there passes 
backward and outward the small tail of the latter, 
which bends downward at the place of departure of 
the inferior horn and finally continues forward from 
here as a portion of the roof of the inferior horn. 

In a direction median to the corpus striatum runs 
a small white baud parallel with it, the stria cornea. 
It separates the corpus striatum from a structure that 



rises posterior and median to the corpus striatum, the 
optic thalamus, a mass which on cross section ap- 
pears like the basal ganglion of a reddish-gray color. 

The two thalami approach each other posteriorly 
and somewhat toward the median line. The cavity 
between them is the third or middle ventricle. The 
lateral ventricles of the hemispheres, particularly the 
cella media, are in direct connection with the third 
ventricle by means of a small aperture immediately 
behind the descending pillars of the fornix, the fora- 
men of Munro. The fornix with the corpus callosum 
lying above it would constitute the roof of the third 
ventricle were it not that from the pia mater beneath 
the splenium corporis calloai (transverse fiasure) a 
process of this membrane projects into the third ven- 
tricle, which in this locality is open. This vascular 
projection of the pia passes beneath the fornix cover- 
ing the third ventricle and spreads out thinly anteri- 
orly as the tela choroidea superior. It carries in its 
cantral portions two band-like, granular-looking struc- 
tures, plexus chorioidei medii. These pass through 
the foramen of Munro out of the third ventricle into 
the lateral ventricles as the plexus chorioidei late- 
rales. In the lateral ventricles they pass backward 
resting on the lateral border of the tlialamus, finally 
turning about into the inferior horn. Here they 
hang together with the pia, which has pressed in 
through the aperture in the inferior horn. 

As described above, the white substance of the 
hemispheres is compressed in the middle portion of 
each hemisphere owing to the gray masses of the 
basal ganglia and of the optic thalamus, which take 
their origin in that locality (the middle part) and 
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increase in extent toward the base of the hemi^jheres. 
The medullary tracts which pass out of the centrum 
swniovale deeper down break through the basal gan- 
glioB as the anterior limb of the internal capsule and 
thereby divide the lateral lenticiilar nucleus in the 
direction of the insular lobe from tbe nucleus cauda- 
tus. Another portion of the white substance of tbe 
hemispheres passes downward as the posterior limb 
of tbe internal capsule betiveen the lenticular nucleus 
and the optic thalamus. Both limbs come into con- 
tact at tbe knee of tbe internal capsule. The constit- 
uents of the medullary substance of the internal cap- 
sule pass in part into tbe basal ganglia and optic 
thalamus, disappearing therein; in part they con- 
tinue in the internal capsule further toward the basal 
region and make their exit as tbe crusta from the 
hemispheres at the base of the brain. 

The wedge-shaped lenticular nucleus which forces 
itself between the internal capsule and the lobes o( 
the island of Reil divides into several parta, a lateral, 
larger putamen, and several internal portions, which 
lie in a median direction. These are from a devel- 
opmental point of view to be distinguished from the 
putamen. They are called globus pallidus. The 
putamen and the nucleus caudatus together comprise 
tbe actual basal ganglion. Lateral to tbe putamen 
the white substance of tbe hemisphere is continued 
inferiorly as the narrow external capsule. Between 
this and the medullated substance of the lobe of the 
insula lies another small gray mass lunning parallel 
to the island, the claustrum. The medullary sub- 
stance of tbe hemispheres, which, as has already 
been described, is compressed into small bands (cap- 
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Bula interna. and externa), increases again in extent 
below the lenticular nucleus, especially in the pos- 
terior direction where it constitutes the nieduUated 
substance of the temporal lobe. Another small, 
round, gray mass, the nucleus amygdaloB, is found 
embedded in the medullary subHtance at the base of 
the brain below the anterior portion of the lenticular 
nucleus between the frontal and temporal lobea. 

After removal of the corpus callosum with the for- 
nix and tela choroidea the thalamus opticus lies with 
its upper and median surface free. It exhibits an- 
teriorly a little elevation, tuberculum anterior, and 
expands posteriorly as the pulvinar. 

The median surfaces of the tbalami constitute the 
lateral walls of the third ventricle. Passing along 
the upper inner edge of the tbalami extends the 
Bmall tenia medullaris (semicircularis), rising up 
from below, converging posteriorly as the pedunculus 
conarii, and decussating with the peduncule of the 
other side. Laterally to the place of decussation lies 
on both sides the small ganglion habenulEe. The 
decussation has no connection with the pineal gland, 
a structure of about the size of a hazebsnt {epi- 
physis conarium, glandula piuealis). Three short 
commissural bauds run transversely across the space 
of the tliird ventricle between the two sides. Imme- 
diately in front of the descending peduncles of the 
fornix, deeply placed, ia the large white anterior 
commissure. Through the middle of the third ven- 
tricle passes the soft lacerable gray commissure, and 
immediately under and in front of the decussating 
pedunculi conarii is found the posterior commissure. 

Below the thalamus, on both sides of the brain, lies 
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a region into which a portion of the Hwdullary sub- 
stance enters from the lenticular nucleus, optic thala- 
mus, and internal capsule, the so-called subthalamic 
region. In it lies the oval subthalamic body and the 
beginning of the red nucleus, the main portion of 
which is situated more caudad in the brain stem. 

The third ventricle terminates anteriorly between 
the two descending, somewhat diverging limbs of the 
fornix. Inferiorly it narrows like a funnel to the in- 
fundibulum, the termination of which is made by the 
hypophysis cerebri in the sella turcica of the sphe- 
noid bone. Posteriorly the ventricle becomes shal- 
lower in consequence of the median surfaces of the 
thalamus, whose lower portions converge gradually 
and continue beneath the posterior commissure. This 
closes in the ventricle from above and forms a narrow 
canal, the aqueduct of Sylvius. While the lower 
halves of the thalamus unite, the upper halves are 
pressed apart in their caudal portion by the corpora 
quadrigemina. These bodies take their origin behind 
the posterior commissure. They are divided into the 
two anterior and the two posterior portions — the 
anterior and posterior quadrigeminal bodies. Lat- 
erally from the corpora quadrigemina pass the tivo 
arms (braehia), the brsichium anterior and pceterior, 
to the two geniculate bodies, the lateral and median, 
which lie between the corpora quadrigemina and the 
pulvinar. From the lateral geniculate body the 
white optic tract passes toward the base of the brain. 

In front of the broad pontal fibres the white cere- 
bral peduncles converge. In the space between the 
crura cerebri is the posterior perforated substance, in 
front of which are two white bodies about the size of 
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peas, the mammillary bodies or corpora caudicantia. 
In front of these is the continuation of the third ven- 
tricle, the iufundibulum with the hypophysis. In 
front of the latter is the chiasm of the optic nerves, 
made up of the continuations forward of the optic 
tracts of the two sides after they have rounded the 
cerebral peduncles. Beneath the corpora quadri- 
gemiua the system of cavities continues as the aque- 
duct, the walls of which are composed of the central 
ventricular gray substance which line the third ven- 
tricle, covering the surface of the thalami. 

Beneath the corpora quadrigemina lies the teg- 
mental region, which is formed from the subthalamic 
region by the junction of the thalami. Basal to the 
t^mentum are found the converging crura cerebri, 
which emerge from the two hemispheres and which 
seem to be the continuation of the white substance 
of the internal capsule. Beneath the tegmentum 
they form the crusta. Between the tegmentum and 
the pen lies a brownish, halE-moon-shaped mass, the 
substantia nigra. Behind the corpora quadrigemina 
is the cerebellum, thrusting itself, covered by the 
tentorium, beneath the occipital lobes, into the pos- 
terior cranial fossa. In the median line and between 
the two cerebellar hemispheres lies the worm (vermis). 

Beneath the corpora quadrigemina the hrachium 
conjunctivum (processus cerebelli ad corpora quad- 
rigemina) passes from the tegmental region into the 
oerebellum. Between these the thin anterior medul- 
lary velum forms with the lingula, the direct passage 
to the vermis (the valve of Vieussena). 

The aqueduct passes beneath the valve of Vieus- 
aens and spreads out into the fourth ventricle hounded 
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by the diverging superior cerebellar peduneleB, The 
accompaDyiDg Fig. 1 illustrates the connections of 
the ventriculaf system. 

The floor of the fourth ventricle constitutes a part 
of the fossa rhomhoidalis. Beneath this are continued 
the component parts of the me- 
dulla oblongata. They are con- 
tinned from the tegmentum and 
■ pes of the crura cerebri . 

The roof of the fourth ventri- 
cle is formed by the under portion 
of the worm (vermis inferior). 
A process of the pia, known as 
the tela choroidea inferior, enters 
into the ventricle from behind. 
The hemispheres of the cere- 
^'°' '■ helium are composed, like those 

of the cerebrum, of the superficial gray cortex, and 
the central white medullary siibatance. They are 
divided into innumerable small, generally parallel 
convolutions which are arranged in single lobes. 
Every lobe is in continuous connection with the cor- 
responding portion of the other hemisphere by means 
of a part of the vermis. 

On the upper surface are two hemisphere lobes, the 
lobuB superior, anterior and posterior (semilunaris), 
both united by the superior vermis (lobus centralis, 
monticulus, folia cacuminis). 

On the under surface are found, enumerated from 
in front, the following hemisphere lobes: flocculus, 
tODsilla, lobus cuneiformis, posterior inferior lobe 
(semilunaris). The inferior vermis supplies the 
connection of these lobes (nodulus, uvula, pyramis, 
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I brevis, are the several components in re- 
spective order)- In the interior of the niedullated 
area of the cerebellar hemispheres lies a gray puck- 
ered substance, the corpus dentatum cerebelli, and in 
the medullary area of the vermis the nucleus teg- 
menti (roof nucleus). Other smaDer gray masses, 
emboliformis nucleus and globoBus, lie between these 
two. 

From the medullary substance of the cerebellum 
the superior cerebellar peduncles already described 
converge anteriorly, while inferiorly passes the pro- 
cessus cerebelli ad pontem, composed of white medul- 
lated bundles which converge posteriorly over the 
descending cerebral peduncles and at the base of the 
brain form the pons {pons VaroHi). In a posterior 
direction run convergingly the processus cerebelli ad 
medullam oblongatam or the reatiform bodies. The 
superior cerebellar peduncles form the lateral bound- 
aries of the anterior half of the rhomboid fossa, the 
restiform bodies form the posterior half. The shape 
of the rhomboid fossa is determined by the conver- 
gence of these two medullary tracts as they pass from 
the cerebellum. 

The fourth ventricle is covered with a layer of gray 
Bubatance (central gray matter), and in the middle of 
the cavity the medullary white substance of the strise 
acusticiB pass transversely toward the two sides at 
an obtuse angle. 

Beneath the gray matter lies the continuation of 
the constituents of the tegmentum; beneath this, 
the continuation of the crusta encircled and divided 
by the transverse pontal fibres of the cerebellum. In 
addition to this there is a number of small gray 
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masaea (nuclei) lying between all of these interlaced 
medullary pathways. All of these together with the 
nerves that pass out constitute the medulla oblongata. 
On the posterior border of the pons, at the base of 
the brain, pass the pyraioids, the continuation of the 
crusta. Laterally to the pyranii Ja in the medulla are 
the olivary bodies which on cross section appear as 
variously involuted puckered gray leaves. 

Dorsally to the passage of the pyramids the fourth 
ventricle becomes narrower, owing to the converging 
restiform bodies which unite at an acute, angle the 
calamus scriptorius. At the moat posterior portion 
of the angle the ventricle sinks deeper into the sub- 
stance of the meduUa and soon disappears entirely 
from the surface, lying toward the centre of the 
medulla as the central canal and (;ontinuiDg in this 
position throughout the entire spinal cord. 

The meduUated bundles of the restiform bodies, 
shortly before their junction, form into a median 
bundle, the funiculus gracilis, or Goll'a column, and 
a lateral bundle, the funiculus cuneatus, or column 
of Burdach. Both of these continue seemingly unin- 
terrupted throughout the cord as the posterior col- 
umns. Ventrally the pyramids approach one an- 
other at the surface, while deeper in the meilulla 
they may be seen to constitute the motor crossing 
(decussation of the pyramids). In conjunction with 
the most ventral portion of the restiform bodies, 
which does not go to the posterior columns, these 
crossed pyramidal fibres form the lateral columns 
or tracts of the spinal cord (funiculus lateralis). 
The anterior columns (funiculus anterior) arise 
from the parts that lie under the pyramids and 
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which come into view after the disappearance of the 
latter. 

Around the central canal, in the centre of the spinal 
cord, there are gi'ouped together as a continuation of 
the gray substance of the ventricles with its nuclear 
masses, the anterior and posterior horns. The gray 
substance is, therefore, like the ventricles, pushed 
toward the centre, while the white substance lies on 
the periphery. The medulla oblongata is thus trans- 
formed into spinal cord. 

The spinal cord consists of a round white bundle 
about the size of the little finger. It is enclosed in 
its membranes and extends in the spinal canal as far 
as the upper border of the second lumbar vertebra. 
It gradually diminishes in size as it passes down- 
ward, but there are developed in its course two en- 
largements, one in the cervical and one in the lumbar 
portion. These enlargements result from a marked 
increase in the central gray matter of the anterior 
and posterior horns. Between these two enlarge- 
ments lies the dorsal portion of the cord. The lower 
termination of the cord is known as the conus medul- 
laris. The three columns, the anterior, lateral, and 
posterior, pass, as portrayed above, circumscribing 
the gray substance of the anterior and posterior horns. 
In the conus medullaria terminate the columns and 
horns of the cord. In the conus the lateral column 
is the most, the anterior column the least prominent. 
In this portion of the cord the gray substance pre- 
dominates over the white; in the cervical cord, etc., 
the reverse is the case. 

Between the two anterior columns runs the deep 
anterior longitudinal fissure. Between the two pos- 
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terior columns is the narrow posterior loDgitudinal 
fissure. From the stem of the brain and from the 
spinal cord the peripheral nerves paas out. They 
are the continuation of medullary columns gathered 
together in bundles. 

The nerves are divided into the twelve cr^mial, and 
the thirty-one pairs of spinal nerves. At the base of 
the hrain the twelve cranial nerves, up to the fourth, 
take their origin in the following order : 

I. The olfactory nerve. It is composed of the 
small numerous nervi olfactorii which pass through 
the lamina crihrosa of the ethmoid hone. These 
enter into the olfactory bulb, which lies in the 
straight sulcus (sulcus rectus) of the frontal lobe. 
The bulb passes posteriorly as the olfactory tract and 
terminates laterally in front of the chiasm in the tri- 
gonum olfactorium. The olfactory tract, etc., in 
man comprises an undeveloped portion of the brain, 
but in the lower animals it is for the most part de- 
veloped into a very considerable cranial lobe. 

II. Optic nerve. Both nerves pass from the eye- 
balls and converge to the chiasm, undergo partial de- 
cussation {nasal, most considerable bundle) and pass 
as the optic tract over the cerebral peduncles farther 
upward as far as the lateral geniculate bodies in 
which they seemingly disappear. 

III. Motor oculi. It passes beneath the quadri- 
geminal bodies in many bundles, through the auh- 
etance of the tegmentum and reaches the surface 
mesal to the peduncle at the anterior border of the 
pons. 

rV. Trochlear nerve. It passes dorsaUy behind 
the posterior quadrigeminal bodies, totally decus- 



MOBPHOLOGT OP THE NEHVODS 8YITBB. 19 

sates in the velum medullare, passes toward the base 
and then over the peduncles farther forward. 

V. Trigeminal nerve. It passes out with an an- 
terior (motor) and a posterior (sensory) root through 
the lateral fibres of the pons. The posterior root 
forms the Gaeserian ganglion. Then the nerve 
divides into its three branches. 

VI. Abducens nerve. It arises from the floor of 
the fourth ventricle, passes through the medulla, and 
passes out at the posterior border of the pons lateral 
to the pyramids. 

VII. Facial nerve. It emerges in company with 
the following nerve externally from the olive at the 
posterior border of the pons. 

VIII. Auditory nerve. It is competed of two 
roots, the vestibular nerve (anterior modian root) and 
the cochlear nerve {from the cochlea) (posterior lat- 
eial root) and emerges with the facial. 

IX. Glosso- pharyngeal nerve. 

X. Vagus nerve. Both of these pass out together 
ventral to the restiform bodies in many roots. The 
first forms with others the petrosal ganglion; the 
second the jugular ganglion. 

XI. The spinal accessory nerve. It emei^es by 
many roots that pass out through the lateral colunms 
from the upper cervical cord and medulla. Its inner 
branch goes to the pneumogastric. 

XII. Hypoglossal nerve. It passes out in many 
bundles between the pyramids and the olive. 

The spinal nerves are divided into the eight cervi- 
cal, the twelve dorsal, the five lumbar, the five sacral, 
and the one (seldom two) coccygeal. Each arises 
from fui individual spinal cord segment; conse- 
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quently &om the eight cervical, twelve dorsal, five 
lumbar Begments, etc. Every nerve emerges from 
its spinal segment in two separate portions — "roots." 
Between the anterior and lateral columns emerge 
the anterior motor root (radix anterior); between 
the lateral and posterior columns the posterior (sen- 
Borj') roots (radix pciaterior). Both roots unite into 
one nerve trunk. Before uniting with the anterior 
root the posterior root forma the intervertebral 
gaoglion, a knuckle-shaped swelling in the inter- 
vertebral foramina. The nerves for the neck, the 
extremities, etc., comprise, before they pass into the 
soft parts through their numerous anastomoses, 
the nerve plexuses (plexus cervicalis, brachialis, 
lumbalis, sacralis, etc.). In the strict sense of 
the word the peripheral nerves arise primarily from 
the plexuses. Consequently the peripheral nerves 
are composed of mixed fibres from the anterior and 
p<}sterior roots, not only of a single spinal segmental 
level, but of different levels. (For furiJier details 
see Plate 23.) The nerve roots for the lower extremi- 
ties, in consequence of their level of origin {level of 
the first lumbar vertebra, see Plate 2i!) run for some 
distance together with the conus medullaris before 
their departure through the intervertebral foramina, 
and below the conus constitute the cauda equina. 
The chain of the sympathetic divides into a series 
of small prominences (ganglia) which from their 
beginning at the neck (cervix) (ganglion supremmn, 
medium, imum) are situated at the anterior border 
of the vertebral column. In front of each vertebra 
lies a ganglion. These are united with one another 
by attenuated bands of nerveB. Kerve fibres paaa 
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I 'also to the ganglion from the cranial nerves and the 
spinal plexuses. At the coccyx the sympathetic chain 
terminatea in the median ganglion, ganglion impar. 
From the sympathetic ganglia pass the sympathetic 
nerves, partly following the blood-vessels, partly con- 
tinuing farther in the nerves of the cerebrum and 
spinal cord to the innervated organs (to aU smooth 
muscle fibres). In part they form in the neighbor- 
hood of these organs other ganglia (heart-muscle 
ganglia, ganglia of the mesentery, stomach, etc.). 

The arterial blood-veasela of the brain take their 
origin from the internal carotid arteries and from the 
vertebral arteries and from the basal circle of Willis, 
which is formed from the anastomoses of these two 
(see Plate 5). From it arise the arteries which con- 
tinue their course in the pia — arteria corpus callosi 
(for the corpus callosum, median brain surfaces), 
artery of the fossa of Sylvius (for the environment of 
the ventricle and basal ganglia), arteria choroidea (for 
the ventricle), arteria profunda (for the occipital and 
temporal lobes, etc.). The blood-vessels of the brain 
substance are what ia called terminal arteries, that is, 
they do not have such profuse connections through 
anastomoses that neighboring vessels may in case of 
necessity take their place. The arteries of the spinal 
cord arise in part from the vertebral artery as an- 
terior and posterior spinal arteries; but in part they 
proceed from the arteria) intercostales, etc. The 
vessels enter from all sides, especially, however, from 
the anterior longitudinal fissure. 

The accompanying illustrations show the divisions 
of the blood-vessels : Fig. 3 those of the fossa of Syl- 
i {A.f.8.) to the basal ganglia and the internal 
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capsule (A.l.st. ~ arterialeiiticuloBtriata,wbichfroiii 
a pathological point of view is one of the most im- 
portant branches). Fig. 2, a cross section of the 
spinal cord with its blood-vessels; one observes the 
vaBcular supply of the gray substance through the 
anterior sulcus artery. 

The return of the blood from the brain is accom- 
plished by meaiiB of the pial veins which empty in the 
venous sinuses (from the third ventricle, the vena 
magna Galeni), which in turn pour into the internal 
jugular. 

In the spinal cord the return circulation is acccom- 




plished bymeans of the richly anastomosing Breschet'a 
plexus of veins which ramifies in the dura mater. 

The lymph tracts of the brain and spinal cord 
communicate with the lymph spaces which are dis- 
tributed throughout the meninges, the ventricular 
cavities being in open communication with the sub- 
arachnoidal space (liquor cerebro-spinalis). 

The nerves of the pia and dura are of sympathetic 
origin, a part of which (those for the dura) arise 
from the sensory divisions of the trigeminus: 



SEOTIOI^ II. 

Development and Structure of the Nervous 
System, 

(Plates H to 48.> 

The central nervous aysteni develops from the outer 
blastoderm, the ectoderm of the embryonic primary 
constituent. In the middle of the embryonal area a 
couple of folds develop from the ectoderm in a longi- 
tudinal direction. These, coming together and dip- 
ping below, form the medullary groove. By the 
closing of the lateral walls of the primitive tracts, at 
the dorsal portion, the medullary canal is formed. 
From the layers of the epithelial ceUa of the neural 
canal is developed the matrix or foundation substance 
(glia) of the central nervous system and the nervous 
substance proper. The membranes and blood-vessels 
are of mesodermal origin. 

La tero -dorsal from the medullary groove itself 
there is formed a border studded with cells (gan- 
glion border or furrow), which runs alongside of the 
medullary channel, throughout its entire length. 
From the furrow arise tbe intervertebral ganglia and 
flie analogous ganglia of the sensory cranial nerves, 
Bnch as tbe olfactory ganglia, Gasserian ganglion, 
the jugular, cochlear, petrosid ganglia, etc. 

In the first embryonal month the medullary groove 
divides at its nasal elub-sbaped end into three pri- 
mary vesicles. These are the primary anterior veal- 
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cle or fore-braio, whit^ later dtTidee into fme- aad 
tneen-brain, tbe primaiy middle Teade, and Ot» 
primary posterior vesicle dividizig aecnradarilj' into 
Uie bind-lirain and after-brain. These ooaatitnto 
tbere^ore three, or after later sobdivision five, octs- 
bral vesicles. From these develops the entire brain. 
The cavity of the mednnary canal becomes the sys- 
tem of the ventricles, the walls of ibe caoal and vesi- 
cles expanding into the etrnctnres of the spinal cord 
and brain. 

In the process of development the fore-brain is 
dividcid into two parts (the rudimentary cerebral 
hemispheres) by the falciform process of the dura 
which grows in from above and presses in the roof 
of the vesicle (pallium). Through their more rapid 
growth the hemispheres soon exceed in area the re- 
maining portions of the brain. The .wall of the fore- 
brain vesicle expands to form the cortex and medul- 
lary substance of the hemispheres, while from its 
floor the primary constituent of the basal ganglia 
projects into the primary cavity, which has now be- 
come the lateral ventricle. Externally it adheres to 
the Interal wall (at tbe external capsule), but mesi- 
ally it remains free (the nucleus caudatus). 

The corpus callosum extends from the vesicles of 
the hemispheres on their median surfaces, bridges 
over the middle line, and unites the two hemispheres. 

The cortex, which at first is smooth, develops 
througli involution (second to third taonth) its pri- 
mary fiaaurea and convolutions, the fossa of Sylvius 
being Uie first to develop (see Plate 13). 

From the tween-brain arise tbe optic thalami and 
the remaining structures such as the hypophysis. 
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, tractus opticus, tractus olfaotorius, etc., 
which smrotind the cavity that has beea transformed 
into the third ventricle. The thalamus unites at tlie 
pntamen with the most posterior portion of the basal 
ganglion. Here, therefore, the fore-brain is in re- 
lationship with the tween-brain. 

From the mid-brain develop the corpora quadri- 
gemina, tegmentum, and pes of the crura cerebri, 
while the cavity narrows into the aqueduct. 

From the hind-brain develops the cerebellum, and 
£roni the after-brain the medulla. 

A downward cerebral flexure, the pontine arch, 18 
formed quite early in the mid-brain. 

Microscopic investigation of the central nervous 
system reveals its structure to be of two varieties of 
tissue: the matrix, glia, and the nervous substance 
contained in it, the nerve cells and fibres. Both de- 
velop in such wise from the ectodermal epithelial 
cells of the neural canal that a part of the same, the 
spongioblasts, increasing from the central canal, send 
out numerous fibrils in all directions, forming a fine 
network and thus developing the glia (spider cells, 
astrocytes). 

Cells of different structure, the neuroblasts, develop 
as germ cells, soon sending out a long, thick prooesB 
and later numerous finer twigs. From them develop 
the ganglion cells and nerve fibres. Collections of 
such germ cells are found in certain definite portions 
of the central nervous system. Thus they are found 
in all the cortex of the cerobrum and cerebellum and 
in the basal ganglia, the latter being looked upon an 
modified cortex. Further they are located in tbo 
thalamus, in the corpora quadrigemina, etc., and 
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finally from the mid-brain in the neighborhood of the 
central canal as far down as the end of the spinal 
cord in an arrangement known as the " central nu- 
clear area." 

The remaining portion of the central nervous sys- 
tem is developed principally from the long processes of 
these cells. Collectively these form later the medul- 
lary substance, the "white" subfitance, whereas the 
aggregation of cells forms the " gray" substance. 

The complex "nerve cell with its accompanying 
nervous prolongations" in its entirety is designated 
a neuron ('H veltpav^ nerve unit). 

The long prolongations of the ganglion cells of the 
cortex, basal ganglia, and optic thalamus run their 
course almost entirely within the central organ; that 
is, they have their beginning and ending there, con- 
stituting central neurons. Those from the peri- 
canalicular nuclear areas grow in part from the cen- 
tral organ toward the periphery of the body and 
constitute peripheral neurons. The last-named com- 
prise the motor cranial nerves, which grow out of the 
mid- and hind-brain, and the motor spinal nerves 
which project from the ventral nuclear areas of the 
spinal cord {anterior horn). The latter develop as 
the anterior roots from the anterior horn, springing 
direct, as long processes, from the ganglion cells 
situated there. 

The arrangement of the sensory nerves ie exactly 
reversed. These grow from the cells of the spinal 
ganglia into the dorsal nuclear area of the spinal cord 
(posterior horn, etc.) as the sensory spinal nerves. 

In a similar way the sensory cranial nerves grow 
into the brain from the cells of the Gasserian, petro- 
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sal, cochlear, and jugular ganglia and from the cells 
of the retina and mucous membrane of the nose (ol- 
factory bulb, raid-brain, hind-brain). At the same 
time there pass out from these cells just mentioned 
other processes to the periphery which constitute the 
peripheral sensory nerves. This neuron consequently 
has its cell about in the middle of its course. 

In the course of development, the neuroblasts 
transform themselves little by little into ganglion , 
cells. Their nervous processes may attain to a con- 
siderable length. From about the fifth month these 
nervous processes become surrounded with a sheath 
which accompanies them throughout their entire 
course, following the protal formation of the medul- 
lary sheaths. Every long process is surrounded with 
a soft white medullary sheath and becomes thereby 
a definite, functionating nerve fibre. 

Development of the medullary sheath occurs, vary- 
ing at different times for the different neuron-com- 
plexes, from the already named period of embryonal 
life to the age of childhood and heyond. Successively 
one portion of the processes after another becomes 
medullated. Thus results the well-known white 
color of the medullary substEmce. As a rule medul- 
lation occurs first in those parts that are the earliest 
to functionate. Thus the first to develop their med- 
ullary sheaths are the peripheral reflex tracts, the 
central sensory conducting pathway before the 
motor, and the projection fibres before the associa- 
tion tracts, etc. (see Plate 48). 

The fully developed neuroglia is made up of nu- 
merous araal] cells, supporting cells, glia cells. The 
enormous number of prolongations of these cells form 
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a fine fibrillar network in which are embedded the gan- 
glion cells and nerve fibres. The walls of the central 
canal and of the ventricles are lined with cylindrical 
epithelium (ependyma), the primitive epithelial cells 
of this area. 

The mature ganglion cells are in part large cells of 
different shape haviug well-marked nuclei and made 
up of protoplasm of very different structure, fre- 
quently impregnated with pigment. In part they 
ai'e small nuclear cells consisting almost entirely of 
nuclear substance. From the cells there pass off 
small side prolongations which branch or divide near 
the cell as do the branches of a tree, and these are 
called dendritic or protoplasmic prolongations. The 
proems which arises aa the direct prolongation of the 
neuroblast and which has been considered above is 
known as the axis-cylinder prolongation. 

After its exit from the ganglion cell this axis-cylin- 
der prolongation becomes ensheathed with medullary 
substance and is then known as a nerve fibre. 

The nerve fibre consists, therefore, of an axial core 
or thread, which in turn is composed of numerous 
individual fibrillie and the surrounding segmented 
medullary sheath. These ner\'e fibres pass out from 
the central neuron syst«m aa peripheral nerves and 
become covered with a second, very thin envelope 
around the medullary sheath, known aa the sheath 
of Schwan, or the neurilemma. 

The axis-cylinder prolongation may be of various 
lengths, but it always terminates in an arborization, a 
splitting up of the fibres. Before this it gives off 
at different levels lateral branchea known aa collat- 
erals, which end likewise by splitting up, that is, by 
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terminal ramification. The cells with long prolonga- 
tions (cells of Deitera' type) make up the preponder- 
ating majority, in contrast to those with the very 
short processes which have their terminal arborization 
close to the cell itself (Golgi's spindle cella). 

Ganglionic cells with their cell branchings, to- 
gether with their axis-cylinder processes and ter- 
minal arborizations, constitute anatomical and physi- 
ological unita — the neurons. 

All nerve tracts are made up of a collection of such 
neurons. Direct anatomical continuity between neu- 
rons does not seem to exist.* They seem to be like 
the cog-wheels of a machine in which the axis-cylin- 
der termination of one neuron embraces the cell rami- 
fications of the other. The brain, the spinal cord, the 
peripheral nerves, and the sympathetic nervous sys- 
tem are made up entirely of such neurons. 

Transference of excitation from one neuron to an- 
other takes place through the occurrence of motion 
in these terminations. The conduction in the axis- 
cylinder prolongation is cellulifugal, in the cell rami- 
fications cellulipetal. No neuron is in individual rela- 
tionship to another neuron only, but to many neurons 
(intercalary cell neurons), a condition which is made 
possible by reason of the countless cellular ramifica- 
tions, and the giving oft of numerous collaterals. 

The gray substance of the nervous system, the 
cortex, the ganglia, and nuclear deposits, consist of a 
groundwork of glia in which are embedded the gan- 
glion cells, their dendrites, and their more or lesa 



• In all probability there esiBta a neuron anastoinoeie be- 
tween protoplasmic proloagatioaa. 
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numerouB nerve fibres which are partly medullated 
and partly non-medullated (white fibres of Remak). 

The white substance, the centrum eemiovale of the 
hemispheres, corpus callosum, internal capsules, pe- 
duncles, columns of the spinal cord, and peripheral 
nerves consist merely of medullated nerve fibres, the 
medullary envelope being responsible for the color 
and consistence of the substance. 

The finer microscopical structure of individual 
parts of the central nervous system is to be found in 
the description of Plates 13 to 21 and is far more 
easy to comprehend from illustrations than from 
verbal description. 

To recapitulate briefly the inner relationships: 

In the cell layer of the cerebral cortex the medul- 
lary fibres of the centrum semiovale arise and end. 
They belong to three different systems. 

I. THE COMMISSURAL TRACTS. 

They constitute the greater part of the central me- 
dullary deposit as fibres of the corpus callosum and 
unite symmetrical localities in the convolutions of 
one hemisphere with those of the other. Those por- 
tions of the cortex that are not thus united through 
fibres of the corpus callosum, such as the basal, tem- 
poral, and occipital lobes, are connected by means of 
the deeply situated anterior commissure. 



k 



n. THE ASSOCIATION TRACTS. 

These are made up of medullary tracts which con- 
nect different parts of the same hemisphere. Adja- 
cent convolutions are connected by the fibres pro- 
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pri^B; distant convolutions and lobes b; means of 
the sbort and long association bundles. They course 
within the hemispheres from convolution to convolu- 
tion and are mostly collected into definite bundles, 
which pass through the white substance to break up 
in the more distant ones. 

Some of these bundles have special names, such as 
the cingulum, fasciculus uncinatus, fasciculus longi- 
tudinalis inferior, etc. The latter unites the tem- 
poral lobes with the frontal and occipital lobes, while 
the superior longitudinal fascicle and subcallosus 
unite the temporal with the occipital lobes, etc. Por- 
tions of the temporal and occipital lobes are connetrted 
with especial closeness by numerous association fibres 
within their own territory and with the remaining 
portions of the cortex. 

^ III. THE PROJECTION TRACTS. 

^^ These are the most important fibre tracts. They 
arise from all parts of the brain corf«x, or end in 

the same, and pass between the transversely coursing 
commissural fibres and the longitudinally coursing 
association fibres further downward. They bring 
more deeply lying portions of the brain stem and 
spinal cord into connection with the cortex. The 
totality of these tracts is called the corona radiata. 

The tracts of the corona radiata are divided accord- 
ing to the locality of their axis-cylinder ramifications 
into short tracts and long tracts. 

The corona radiata tracts which come from all 
parts of the cortex are collected in the internal capsult 
in the anterior and posterior limbs, and pass further 
caudad. They thus break through the basal ganglia. 
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1. The Short Corona Radiata Tbactb. 

a. One portion of the corona radiata tracts paaeea 
from all the convolutions of tlie cortex into tbe optic 
thalamus, coming from out the internal capsule as 
anterior, posterior, and inferior stalks of the thala- 
mus, and disappears in the thalamus, the corona ra- 
diata of the thalamus. A part covers the surface of 
the thalamus before their entrance, stratum zonale. 

b. Another portion passes in a similar way into 
the nucleus caudatus and there disappears. This 
portion is to be considered as association tracts. 

c. A portion arising from the occipital lobes, the 
cuneus, collects in the hindermost portion of the 
posterior limb of the internal capsule and passes to 
the primary optic centres, to the pulvinar of the 
thalamus, to the lateral geniculate body, and to the 
anterior quadrigerainal body. This portion is known 
as the optic radiation of Gratiolet. From here the 
optic tract passes farther. 

3. The Long Cokona Radiata Tracts. 

These come from all parts of tbe cortex, descend 
in tbe internal capsule, and pass under tbe thalamus 
in tbe subtbalamic region into the tegmentum of tbe 
cerebral peduncles, and in part into the crusta. 

a. Tegmental Tracts. 
A part of these pass directly out of the posterior 
limb of the internal capsule ; another part, after pene- 
trating tbe inner segment of tbe lenticular nucleus 
Can&a lenticularis from the globus pallidus) and 
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breaking through the portion of the internal capsule 
which lies mesially therefrom in the tegmentmn, 
runs thence as fillet tract farther downward through 
the medulla as far aa its inferior termination, consti- 
tuting the mesal and lateral fillet tract, central sen- 
sory tract. 

6. Crusta Tracts. 

All of the corona radiata fibres that have not yet 
branched off pass out of the anterior and posterior 
limbs of the internal capsule in the crusta and thus 
out of the hemispheres. The fibre bundles here are 
considered of three different origins, 

1. Tlie Mesal Bundle of the Peduncle.— This 
arises possibly from the cortex of the frontal lobes, 
passes thro\igh the anterior limb of the internal cap- 
sule, and ends in the pons ganglia, frontal pontine 
tract, 

3, The Lateral Bundle of the Pedu^icle. — This 
comes positively from the temporal and occipital 
lobes, passes through the posterior limb of the inter- 
nal capsule, and ends likewise in the pons ganglia, 
the temporo-occipital pontine tract. 

3. The Middle Bundle of the Peduncle. 

Tea Pyramidal Teacts. 

These arise from the cortical cells of the central 
convolutions and their vicinity (posterior parts of the 
first and second frontal gyri), are collected together 
in the internal capsule, pass in the knee and anterior 
third of its posterior limb and then througli the 
crusta, where it lies between the mesal and lateral 
bundles just described. 
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This segment ia also the only continuation of the 
cruata fibres which pass through the pons on its pos- 
terior border as pyramids and which course farther 
downward through the spinal cord as the pyrantidal 
tracts. This tract passes in the lateral columns after 
the larger part of the fibres has crossed over to the 
opposite side; the iiDcrossed, smaller portion remains 
in the anterior columns. This tract is the longest of 
all the corona radiata fibres, it being possible to fol- 




low the longest fibres in the lateral columns (crossed) 
as far as the conus meduliaris. From the cerebral 
peduncles on, this tract continues to give off fibres 
which pass to the motor nuclei of the opposite side. 
It constitutes the central motorial tract. 

The position of this tract is well illustrated by the 
accompanying schematic representation of the cap- 
Bnle, which is modified from Edinger (Fig. 4) . The 
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directioii and position of the tracts are as have been 
described. 

To these corona radiata fibrea which arise from the 
cerebral cortex come yet others that originate in the 
basal ganglion and optic thalamus, coursing down- 
ward as abort tracts. To these belong: 

1, Those fibres which pass from the nucleus cau- 
datua and putamen to the optic thalamus, to the inner 
member of the lenticular nucleus, and farther down- 
ward to the substantia nigra of the cerebral pe* 
duucles. 

2. Those tracts which arise from the optic thala- 
mus and pass to the tegmentum and there terminate 
(red nucleus, substantia reticularis). 

In the tegmentum of the cerebral peduncles there 
begin new fibre tracts. One of theee, which passes 
close beneath the gray matter of the aqueduct, the 
posterior longitudinal bundle (fasciculus longitudi- 
nalis posterior) , connecting individual cranial nerves, 
can be traced into the cervical cord. A larger one 
likewise passes out from the red nucleus, creases with 
its fellow of the opposite side, and goes to make up 
the brachium conjunctivum (processus cerebelli ad 
corpus quadrigeminum), passing to the hemispheres 
of the cerebellum and ending in the corpus dentatum 
and cerebellar hemispheres. 

From the cerebellum fibre tracts pass in or out. 
Such are the processus cerebelli ad pontem, which 
croasea to and ends in the pons of the other side, and 
the proceasua cerebelli ad meduUam oblongatam, the 
restiform bodies; they consist of fibre tracts from 
the cerebellum to the olivary bodies and to the pos- 
terior and lateral columns of the spinal cord (late- 
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ral cerebellar tract), partly long and partly short 
tracts. 

In addition to these the cerebellum, like the cere- 
brum, contains commissnral and association tracts. 

The constitution of the spinal cord, as it ia made up 
of the projection fibres of the cerebrum and cerebel- 
lum and of the pyramids and restiform bodies, is 
easily understood from what has been said on page 
16. On cross section of the spinal cord we recog- 
nize both halves separated anteriorly by the anterior 
longitudinal iissure. In the median line is the white 
commiBsure, passing transversely from one anterior 
horn to the other; just behind this is the small cen- 
tral canal, posterior to which is the posterior com- 
missure. 

The gray substance in the anterior and posterior 
horns is surrounded by the anterior, lateral, and pos- 
terior columns. 

1. The anterior column consists of the uncrossed 
fibres of the pyramidal tract and the anterior ground 
bundle which is the continuation of a portion of the 
substantia reticularis of the tegmentum. 

3. The lateral column: the crossed pyramidal 
tracts comprise the lateral cerebellar tracts from the 
restiform bodies, Gowera' bundle, the anterior lat- 
eral bundle, and the lateral limiting layer which 
comes in part from the tegmentum. 

3. The posterior column consists of the column of 
Goll and the column of Burdach and the root zones. 

A more detailed specification of the course and sig- 
nificance of the tracts that have been spoken of, as 
well as of others not mentioned, follows in Section 
III. What has been said will be more readily under- 
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stood if studied in connection with the serial sections 
in Plates ^4 to 47. The finer relations of the gray 
substance of the cortex, the basal ganglia, the thala- 
mus, and the nerve nuclei cannot be understood from 
illustrations alone; plates and text must be studied 
in conjunction. 

In the study of the serial sections it should be re- 
membered, in order to facilitate rapid orientation, 
that the cerebral cortex is red and the basal ganglia 
and nuclear deposits are blue. 




Anatomy and Physiology of tlie More Im- 
portant Nerve Tracts. 

(Plates 49 to 53.) 

By the word tract it ia proposed to designate the 
anatomical substratum in its entire connection, that 
serves to conduct a physiological excitation from a 
ganglion cell as far as the excited end organ. 

Every individual physiological functionating tract 
consists of many neuron complexes in connection. 
Each individual neuron complex has, however, its 
own anatomical and physiological individuality. 

There exist tracts which are made up of two, 
sometimes three, perhaps more neuron complexes 
"coupled" one after the other. 

The more important of these, the tracts belonging 
to the projection system of the cerebrum and cere- 
bellum, are the following : 

A. TRACTS WITH KNOWN FONCTnON. 

1. The motorial, cortico-muscular, centrifugal con- 
ducting pathway, cooBisting of two neuron com- 
plexes. 

3. The sensory, centripetal conducting pathway, 
consisting of at least two, probably three or more 
neuron complexes. 
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Both tracts come into connection in two parta of 
their course. 

(a) There exists an inferior connection : the reflex 
pathway, independent of the influence of the will, in 
the suhcortieal nuclear layer. 

(6) A Buperior connection (in the cortex); the 
tract of conscious will reaction. 

The course of the motorial pathway ia much sim- 
pler and much better known than that of the sensory. 
We now consider these tracts and their connections 
in the above-named order : 

1. The Motorial Tract, 

The tract in its entirety ia made up of two or more 
neighboring neuron complexes, the central and the 
peripheral motor neuron. 

The cells of the central neuron, situated in the cor- 
tex of the central convolutions, i.e., the pyramidal 
cells of the cortex, send out their nerve fibres, to the 
pyramidal tract, in the well-known way through the 
corona radiata, through the knee and anterior third 
of the posterior limb of the internal capsule into the 
cruata. Paasing through the pons, they continue aa 
the pyramids. 

In the p3Tamidal croaaing, the greater part of the 
fibres pass into tbe lateral columns and continue aa 
the tract of the crossed pyramidal lateral cohimu. 
In the cervical cord this tract lies at the depth of the 
lateral columns. But it approaches more and more 
to the periphery in its descent to the conus medul- 
laris, where it terminates. A small portion of this 
tract passes, without crossing, in the anterior col- 
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umna and is known as the anterior pyramidal tract. 
It can be traced only as far aa the upper lumbar cord. 
Throughout the length of this extended pathway 
there pass oflE at all levels between the cruata and the 
inferior termination definite fihre tracts which cross 
over to the opposite side (see Fig. 5, which shows the 
pyramidal tract viewed from below). Theae fibres 
ramify and end in the mo- 
tor nuclei region of the 
brain stem and spinal cord. 
The total mass of the py- 
ramidal tract, in conse- 
queiice of this, diminishes 
continually as it passes 
? downward. In addition 
collaterals pass from the 
continuous fibres to nuclei 
lying higher up. 

The total central neuron 
mass, therefore, is finally 
split up within the sub- 
^™- ^ stations which lie, as has 

been mentioned, at various levels (segments) of the 
brain axis and spinal cord. This ramification of the 
fibres surrounds the cell processes of the ganglion cells 
of the peripheral motor neuron which begin from thia 
point. 

The nervous process of these cells passes out from 
the brain axis and anterior horn of the same side as 
the anterior nerve root and runs as a fibre of the 
motor nerves to the muscle, in the single muscle 
fibrils of which the terminal ramification of the fibre 
takes place (motor end plate). 
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The central motor neuron runB therefore crossed, 
the peripheral uncrossed. See Fig. 7 of the text. In 
the tract which ia thus made up of these two neu- 
rons, the motor impulses that originate in the cells 
of the cerebral cortex pass to the muscles. In conse- 
quence of the decussation of the central neuron, they 
pass from the cortex of each hemisphere to the mus- 
culature of the other side of the body. 

Every neuron cell exercises a preservative influence 
upon its processes, including the long axis-cylinder 
process. The cessation of this influence results in 
atrophy of the involved nerve fibre, and even the 
ganglion cell itself suffers alteration after profound 
changes within the neuron continuity. The cells of 
the peripheral neuron exercise in addition a similar 
influence upon the muscle fibre which it supplies. 

In detail, the most important members of the 
motor tract are the following, stated in order from 
above downward. 

1. Oculo-Motor Nerve. — Its central neuron com- 
plex arises at some unknown location in the cerebral 
cortex (gyrus angularia?). It runs through the 
knee of the internal capsule, separates, however, 
from the pyramidal tract, in the cerebral peduncles 
probably as a constituent of Spitzka's bundle (see 
Plate 35, 2, s). The latter arises from the most 
mesiaily lying portion of the pyramidal region in the 
peduncle, turns mesal and upward, and terminates 
after trespassing beyond the middle line in the 
nucleus of the motor ocidi of the opposite (and of the 
same?) side, which lies in the' central ventricular 
gray matter beneath the aqueduct of Sylvius, 
itmd the ganglion cells of this localiirf is found 
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tfae tennmal ramificadoo of tfae central e 
motor ocalL With tfaeee oeBa aad 1 
begJOB the penphenl nennMi. Tbe nore fifane i 
tmt ol die nodeas as the roots of tfao motor ocaU on 
the same side, in I caicr part also demaaatiDg with 
fibns oi the other side, and nm in tbe lootor ocuii 
fansk to the moeckB of tbe ^e. (For farther de- 
talk oaMemitig SQbdiTisioD &od fanctioD see explan- 
alioa of Plate 23.) The position «f the motor ocali 
nadeas, dc, is shomi in Plates 18 aad Id and also 
in F^;. 6 of the text, p. 48. Herein is also to be 
Been the supposed order of tbe portions of the nadeus 
oorreepoDding to the separate eye rouscle& 

2. Trochlear Nerre. — Central neuron- runs as in 
tbe precedini^. After decussation, tbe terminal 
ramification of tbe fibres is found in tbe croteed 
trochlear Ducleus, below the posterior corpora quad- 
rigemina behind tbe motor oculi nucleus. The pe- 
ripheral neuron begins there and passes out aa the 
trochlear nerve behind the corpora quadrigemina, 
decussating completely with tbe nerve of tbe oi:^x>- 
site side. 

3. Motor Branch of the Trigeminus. — Its central 
neuron originates in an unknown locality of Ae 
cerebral cortex (inferior parietal gyrusV), passes 
through tbe knee of tbe capsule behind tbe nerve 
fibres of tb© eye muscles, separates from the crusta 
in the bundle of Spitzka (?), decussates in the raphe 
of tbe tegmentum, and terminates, surrounding tbe 
cells of the motor nucleus of tbe fifth, which is situ- 
ated laterally in the pontal part of the tegmentum. 
From here the motor root of the fifth continues its 
course farther as peripheral neuron. It passes as 
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anterior root out of the pons and rsceivea also fibres 
from the motor nucleus of the other side. Even the 
nasal root of the fifth (descending root) is said to 
convey motor (trophic?) fibres. This root arises 
from the lateral portion of the central ventricular 
gray Bubstance of the aqueduct and of lower parts 
from large cells situated there until it unites with the 
anterior root of the fifth as it passes outward, 

4. Abducens Nerve. — Its central neuron runs as 
related in 1. Beyond the decussation the terminal 
endings of the fibre take place in the nucleus of the 
abducens beneath the floor of the fourth ventricle, 
near the middle line. The peripheral neuron passes 
out from its cells as the abducens nerve and runs 
through the posterior pari; of the pons. 

5. Facial Nerve. — Its central neuron complex 
arises from the cells of the lower third of the central 
convolutions. The tract passes in the posterior limb 
of tbe internal capsule, behind the knee, separates 
from the pyramidal tract in the bundle of Spitzka (?), 
decussates in the raphe of the tegmentum, and enters 
the facial nucleus of the other side which lies later- 
ally, long drawn out in the tegmentum situated deep 
in the medulla. From here pass upward and inward 
the single facial fibres as peripheral neuron, ami col- 
lecting together at the genu facialis they finally bend 
outward in a great bow and then downward, when 
they for the first time pass out of tbe medulla as 
the facial nerve. This is the lower, mouth-cbeek 
facial. 

The central neuron for tbe upper facial, temporo- 
facial, appears to pass otherwise in some unknown 
manner. Its peripheral neuron is said to pass out 
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the hindmost portion of the oculomotor nuclei and 
to reach the trunk of the facial. 

For the orbicularis oris branch the involvement 
of fibres from the nucleus of the hypoglossua is as- 
sumed (?). 

6. Motor Portion of Olosso- Pharyngeal — Vagus. 
The central neuron arises from unknown portions 
of the cortex (middle frontal. convolution [?]), passes 
with the pyramidal tract downward and reaches, after 
decussating, in some unknown manner the nucleus 
amblguus, which it may be assumed is the motor 
nucleus for this neuron, situated deeply in the p(fflte- 
rior portion of the medulla. From this point on the 
fibres of the peripheral neuron accompany in great 
part the vagus. 

7. Hypoglossal Nerve. — The central neuron arises 
from the lower third of the central convolutions in 
front of the facial centre, runs downward in the in- 
ternal capsule behind the tract of the facial, separates 
in Spitzka's bundle (?) from the pyramidal tract, de- 
cus.sate8 in the raphe of the tegmentum, and reaches 
the nucleus of the hypoglossal of the other side, 
about whose ceU it branches. From here the periph- 
eral neuron passes out through the medulla as the 
hypoglossal nerve. 

The tracts described under 5, 6, and 7, particu- 
larly those that arise from the left hemisphere, are 
specially used for the act of speaking. These cen- 
tral neurons, therefore, together comprise the central 
speech tract; the peripheral, tbe peripheral speech 
tract. A particular speech tract has also been as- 
sumed, but not demonstrated. 

8. Spinal Accessory.^-The central neuron is said 
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to come from the basal median frontal conTolution, 
running along with the pyramidal tract; it reaches 
in an unknown manner the nucleus of the acceaso- 
rius of the opposite aide in the lower portion of the 
medulla and in the uppermost cervical cord. From 
here the peripheral neuron passes out as the spinal ac- 
cessory nerve. An important portion of the nerve, the 
inner branch, continues farther with the vagus nerve, 

9. The Motorial Tracts of the Upper Extremity. 
— Their central neuron complex arises from the cells 
of the middle third of the central convolutions, espe- 
cially of the anterior convolution, passes downward 
through the posterior limb of the internal capsule (an- 
terior third), and continues along with the pyramidal 
tract through the crusta and pons into the pyramids. 
In the decussation of the pyramids the greater part 
passes into the lateral column of the other side. The 
smaller part (here are found individual variations) 
passes downward imcroased in the anterior columns. 
At the level of the cervical cord the fibres bend in 
succession at right angles and run out of the lateral 
pyramidal tracts into the anterior horn of the same 
aide; from the anterior pyramidal tracts through the 
anterior commissure into the anterior horn of the 
other side.' Here they ramify about the cella of the 
anterior horns, especially about the lateral groups and 
their dendritea. 

With these cells the peripheral neuron of these 
tracts begins. The nerve fibres of these cells pass 
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but as anterior roots and (fourth cervical to first 
sal root) extend to the brachial plexua, from which 
they pass out, forming the different nerves of the arm 
(see Plate 23 for explanation). For the position of 
the cells of the anterior horns and their relation to the 
single muscles the text figure on page 48 gives the 
clearest representation. 

Above these tracts those for the anterior and pos- 
terior neck muscles pass, and under the latter those 
for the chest and trunk muscles. Their topography 
can be readily seen by reference to the plate just 
mentioned. The central course of these tracts is very 
little known. The centre for the movement of the 
trunk is in the upper frontal convolutions. For 
these tracts the descent is not only from the crossed 
but in all probability likewise from the hemisphere 
of the same side. Many other muscles, especially 
those which functionate bilaterally (eye and fore- 
head muscles), receive in all probability innervation 
from the hemisphere of the same side, and, as has 
already been described, from the crossed hemisphere. 
Nevertheless these crossed (or double crossed) central 
pathways are not in man further known (uncrossed 
anterior pyramidal tract). 

10. The Motorial Tracts for the Lower Extrem- 
ity. —111611 central neuron arises in the upper third 
of the central convolutions and the lobus paracen- 
tralis, passes in the pyramidal tract through the pos- 
terior limb of the internal capsule (in the middle of 
the limb), then farther down, as described in !), under- 
goes partial decussation, and the greater portion 
reaches the lumbar region by way of the lateral py- 
ramidal tracts. Here its fibres turn and pass to the 
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anterior horn, where they have their terminal rami- 
fication. From the anterior horn cells, especially 
from the lateral cell groups, the anterior roots {1-5 
lumbar and 1-5 sacral) pass as the peripheral neuron. 
The latter pass into the lumbar and sacral plezus and 
subsequently constitute the nerves of the lower ex- 
tremity; see Plate 23 and text figure 6, in which 
the relationship of the muscle to the segments of the 
brain axis and spinal cord is given on the right side. 

11. The Motor Tracts for the Bladder, Rec- 
tum, and Sexual Organs arise from unknown re- 
gions in the brain. Their central neuron does not 
pass downward in the lateral pyramidal tracts, but 
in all probability in the anterior lateral ground bun- 
dle. It ends in the gray substance of the sacral 
cord. From here the peripheral neuron passes out 
through the second to fourth aacral roots to the 
pudendal plexus, etc., and eventually to the muscles 
of the above-mentioned organs (see Plate 23). 

13. To the sympathetic system pass central motor 
fibres, of unknown cortical origin, through the lat- 
eral tracts and which appear to terminate in the an- 
terior horns (lateral horns). Here begins the periph- 
eral neuron which goes out through the anterior root, 
ending in the ganglia of the sympathetic chain and 
in their analogues. In the cells found here begins 
the motor sympathetic neuron whose fibres pass to 
the various unstriped muscles, blood-vessels, intes- 
tines, heart (?), glands, etc. 

I 2. The Sensory Pathway. 

As sensory impressions are carried from the pe- 
riphery to the centre we shall follow that direction 
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in our consideration of them, starting with the pe- 
ripheral neuron. The peripheral sensory neuron 
complex of the extremities and the trunk passes in 
the sensory fibrea of the peripheral nerves (their 
exact distribution in the skin ia shown in text figures 
10-13, see also Fig. 6, left side) spinalward through 
the plexus fibres, and terminates before its entrance 
into the spinal cord in the cells of the spinal ganglia. 
From each cell there passes a fibre in the opposite 
direction. These fibres gather to the posterior roots. 
The sensory peripheral neuron passes into the spinal 
cord first by way of the posterior root fibres. They 
enter in two portions at the border of the posterior 
horn and posterior column. The two portions are: 

1. The small, lateral portion of the posterior root. 
It enters at the apex of the posterior horn into Lis- 
sauer'a area. Here its fibres divide into an ascend- 
ing and a descending branch. Both are short tracts. 
They pass with a sharp turn into the posterior horn 
and split up around cells which are there situated. 

2. The medial, which is the most developed por- 
tion of the posterior root fibrea, passes into the lat- 
eral portion of the posterior columns (Burdach'e col- 
umn, likewise known as the posterior root zone). 
Here its fibrea fork into ascending and descending 
branches. 

The descending branches are short tracts; they 
soon turn at right angles into the posterior horn and 
branching, there terminato. The ascending divi- 
sions are in part short, in part long tracts. 

The short tracts soon turn and a part of them pass 
into the posterior horn, while the remainder have 
4beir termination in the cells of Clarke's column and 
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the anterior horns. The long tracts pass at first up- 
ward in Burdach's columns. Soon after their en- 
trance, however, they approach very much nearer 
the middle line, principally on account of the recently 
entering ascending long root fibres. The long fibres 
that pass into the lumbar cord continiie in the cervi- 
cal cord in Goll's column, to the outer side of which 
pass the posterior root fibres which enter at a higher- 
level (in the dorsal and cervical cord). 

These long, ascending tracts have their terminal 
ramifications around the cells of the posterior col- 
umns of the medulla, the nucleus funiculus Goll, and 
nucleus funiculus Burdach). 

All of these variously coursing fibres constitute to- 
gether the peripheral sensory neuron complex. The 
cells of this neuron consequently lie outside of the 
spinal cord in the intervertebral ganglion. The cell 
ramification (dendrites) is the very much elongated 
peripheral nerve, considerably extended in the longi- 
tudinal direction, together with its cutaneous ter- 
minal branchings. The nervous process is the pos- 
terior root fibre with its fibre ramifications that 
terminate in different parts and levels in the spinal 
cord. 

The fibres split up or ramify about cells that He: 

1. In nuclei of the posterior columns of the me- 
dulla (Gkill's and Burdach's nucleus). 

2. In the posterior homa in their various portions. 

3. In the so-caUed middle zone (between the ante- 
rior and posterior horns). 

4. In Clarke's columns. 

5. In the anterior horns. 

From 1-4 inclusive, the central sensory neuron 
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complex takes its origin. The ramiiicatioDS that end 
under 5 may be regarded as reflex tracts. So far all 
the facts are comparatively certain. Although the 
further course of the central senaorj' tract is better 
uuderatood than formerly, it is still very obscure. 
The mooted points will be briefly considered later on. 
The course of the sensory tracts given here will be 
that which harmonizes beat with the postulates of 
pathology. Anatomically, the course of the sensory 
tract in man is not yet completely established. 

The central sensory neuron begins, in keeping with 
the terminal ramifications of the peripheral, partly 
in the already mentioned portions of the medulla, 
partly in the anterior and posterior horns of the 
spinal cord. The individual parts will be consid- 
ered in the order (1-4) cited above. 

1. From the cells of the posterior column nuclei, 
the nucleus of Goll and of Burdach, in the medulla 
begins the central neuron; the fibres pass as the in- 
ternal arcuate fibres in form of a bow downward and 
turn toward the raphe. Here they pass over the me- 
dian line (fillet decussation the beginning of which 
is to be seen in Plate 41,1. It terminates at the level 
of Plate 39, 2). After this decussation the fibrra 
uniting reach, dorsally, over the pyramids that have 
already decussated deejjer down, to the neighborhood 
of the anterior ground tracts, where they are known 
ae tlie layer of the fillet (principal fillet, laqueus supe- 
rior). The fillet increases in area in its further cen- 
tral course and forms, between the olives, the inter- 
olivary layer lying close upon the median line. 

Farther up the fillet continues its course in the 
tegmental region and lies, widely expanded, trans- 
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versely beneath the same; here it is also known as 
the median fillet. Thus it continues throughout the 
pontal tegmentum. In the tegmentum of the crura 
it swerves completely from the median line and lies 
lateral to the red nucleus. From this region the 
superior fillet reaches the subthalamic region, about 
the level at which the red nucleus terminates. The 
fillet passes partly through the internal capsule (fibrea 
of the peduncle), running transversely as a part of 
the ansa lenticularis, breaking through the inner 
portions of the lenticular nucleus, and rising in the 
posterior limb of tho capsule to the cortex of the pos- 
terior central convolutions and parietal lobe. The 
terminal ramification of tlie fibres of the neuron 
takes place about the bodies of cells that lie in these 
cortical regions. This part apparently is in some 
manner interrupted in the globus pallidua. 

Another portion of the superior fillet emerges ap- 
parently from out of the subthalamic region, and 
passes directly into the internal capsule, in which it 
ascends behind the pyramidal tracts, terminating in 
the above-mentioned cortical areas. 

A portion or all (?) of these fillet fibres seems to be 
interrupted in the ganglia of the subthalamic region, 
the globus pallidus, and the optic thalamus (lateral 
basal nuclear portion). For cortical conduction it is 
necessary, therefore, to conceive of a third, centro- 
cortical neuron (in the optic radiations of the thala- 
mus?). Concerning this, we have no satisfactory 
knowledge. 

This is also called the superior or cortico-thalamiu 
fillet. 

. The central neurons beginning in the cells of 
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the posterior homs constitute short tracts that tenni' 
nate for the most part within the spinal cord. Their 
fibres pass into the border zone of the lateral tracts 
of the same side (funiculus lateralis of the serial sec- 
tions, Plate 39, and the following) and also into the 
posterior tract (ventral field of the same). After 
a short course upward, in part also downward, they 
terminate. Lending again into the gray substance and 
splitting up. Similar tracts then connect with these; 
the conduction, therefore, takes place in the manner of 
relays in that one short tract connects with another. 

In the medulla these fibres enter into the reticu- 
lated substance of the tegmentum and terminate in 
its nuclei . 

From the cells of the reticulated substance (nucleus 
magnocellularis in its entirety) it is supposed that,- 
fibres paes to the cortez, annexing tbemselTea to the 
fillet. 

3. From the cells of the middle zone originate three 
varieties of fibres, partly long, partly short tracts. 

a. Fibres that enter into the anterior lateral tract 
of the same side passing upward in it. One portion 
is short and terminates bending Inward into the 
gray substance. Another portion passes farther up, 
reaches the substantia reticularis tegmenti (lying 
adjacent to the fillet?) fal of the sections. 

6. Fibres that enter Gowers' tract of the same side 
and pass up to the medulla as long tracts. All long 
tracts send throughout their course at different levels 
collaterals to the gray substance. 

Gowers' tract passes likewise into the substantia 
reticularis tegmenti of the medulla. Its termination 
in the brain stem (thalamuB?) is still doubtful. 
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c. Fibres that arise from the median group of 
cells, especially of the anterior horn, pass (cells of the 
coraraissure) to the median line, decussate in the 
anterior commissure, and pass through the anterior 
horn of the other side into the anterior lateral tract of 
this side and pursue their course as long (?) tracts 
with those mentioned under a. In the medulla they 
probably join the fillet, no doubt interrupted in the 
cells of the substantia reticularis of the tegmentum, 
and run upward with the same toward the cortex. 

4. From the cells of Clarke's columns fibres of 
the central tract pass into the lateral cerebellar tract 
of the same side (Cb in the sections), run upward in 
the medulla with the restiform body in its most 
ventral portion and reach with it the medullary sub- 
tance of the cerebellar hemisphere, terminating in the 
vermis (in the crossed nucleus tegmenti?) of the 
same. 

This is therefore in brief the course of the sensory 
central neurons for the trunk and extremities. "We 
see that a part of the same runs through the fillet 
direct to the cerebral cortes, crossing in the decus- 
sation of the fiUet. Anotbei" part reaches the cere- 
belliun direct through the lateral cerebellar tract. 
On the other hand, a third part the anterior lateral 
tract reaches only to the substantia reticularis teg- 
menti of the medulla (in part crossed in tlie anterior 
commissure) ; from here on, we must assume a cen- 
tral cortical neuron to the cortex, beginning in the 
nuclei of the substantia reticularis [?]. These 
fibres are said to join in part the upper fillet (border 
of the anterior tract). In the fillet consequently run 
the chief masses of the central sensory neurous, to 
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the cerebral cortex. The other part p^ses likewise 
in the tegmGiitum (subatantia reticularis), at least as 
far as the thalamus op- 
ticus. Further tracts 
from here are unknown. 

Of this description, 
that portion which 
gives the details of the 
decussation of the com- 
missures is doubtful. 
By many it is denied 
and only an uncrossed 
pathway in the anterior 
lateral trtict is accepted. 
The posterior commis- 
sure also contains some 
decussating fibres, but 
their significance is like- 
wise not certain. The 
further course of the 
fillet beyond the sub- 
thalamic region is also 
doubtful, especially the 
interrupted portion in 
the thalamus. The sig- 
nificance of the ansa 
lenticularis and some 
other points are hypo- 1 
thetical. Compare 
with this the accom- 
panying representatio 
in Fig. la. 

In regard to the conduction of the several sensory 
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qualities the following is from pathological experi- 
ence to be posited as probable for man. 

The entire conduction of sensibility from the skin, 
the deeper soft parts in the extremities and trunk, 
takes place in the peripheral neuron through the sen- 
sory nerves, through the cells of the spinal ganglia, 
by way of the posterior root into the spinal cord. 
Whether different tracts for the various qualities are 
already present in this part of the course is not yet 
determined, but is probable. 

We know that sensations of touch go by a differ- 
ent way or at least can go by some other way than 
do temperature and pain sensations. The last-named 
are conducted by way of the tracts that enter the 
posterior horns, etc., and must pass on in the antero- 
lateral tract (central neuron). A portion of the same 
certainly passes in crossed tracts (anterior commis- 
sure [?]) and reaches with the fillet to the cerebral 
cortex and thus to consciousness. 

Touch sensations and muscle sensations are con- 
ducted in the long tracts of the posterior columns to 
the nuclei of the posterior tracts and thence by the 
way already described, internal arcuate fibres to the 
crossed fillet, and from there to cortical consciousness. 
Conduction in the posterior tract for the touch sense, 
at least, appears, however, to be replaceable by other 
tracts (short tracts conducting in the manner of re- 
lays). Certain, however, is the further conduction in 
the fillet (for the most part but not completely in the 
crossed). 

The sensory nervra of the bladder, rectum, etc., pass 
through the third, fourth, and fifth posterior roots 
of the sEicral nerves into the spinal cord. Their pe- 
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ripheral neurons terminate in the gray substance of 
the Bacral cord. From here (or higher [i*] long as- 
cending posterior root fibre [?]) the central conduc- 
tioa begins, ascending probably in the long pos- 
terior root tract (QoU's bundle?). As to the further 
central course nothing certain ia known. From the 
viscera, peritoneum, stomach, mesenteric glands, cen- 
tral fibres pass in the sympathetic plexuses, for ex- 
ample, the splanchnic, into the spinal ganglia and 
posterior roots and appear to continue their course 
further in the lateral tract (lateral cerebellar tract?}. 

Along with the fillet tract of the tegmentiun pass 
also the central neurons for the different sensory 
cranial nerves, with the exception of olfactory and 
optic, to the cortex. These are to be considered 
here ia the order of tiieir entrance from below up- 
ward. 

1. The sensory glosso- pharyngeal -vagus portion. 
Its peripheral neuron fibres run in the two peripheral 
nerves to the cells of the petrosal and jugular gan- 
gUa, which constitute, therefore, the analogues of the 
cells of the intervertebral ganglia, and pass out from 
these in their respective nerve roots through the me- 
dulla to the sensory glosso-pharyngeal-vagus nucleus 
at the posterior end of the fourth ventricle, about the 
oella of which the terminal fibre ramification takes 
place. One part does not end at this place but runs 
as an isolated bundle (fasciculus aolitarius [s], de- 
scending vagus, etc., root) a short distance down- 
ward, and splits up around cells in its neighborhood 
horu). 

The central neuron originates from these cells and 
from the cells of the sensory nucleus; it runs toward 
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the raphe, decussates there, and unites with the me- 
dian superior (according to others the lateral, see 
below) fillet tract. With this the central neuron 
complex passes toward the cortex, and aplita up about 
cortical cells at the terminal points of the fillet tract 
(posterior central convolution (?], for taste fibres in 
the basal inferior frontal convolution?). 

3. Sensory trigeminus. Its peripheral neuron 
fibres pass out from the three sensory branches of the 
fifth, unite and pass into the cells of the Gasaerian 
ganglion, and out again as the posterior portion of 
the root. This neuron paaees through the fibres of 
the pons and ramifiea about the cells of the sensory 
nucleus of the fifth. A part of it, however, passes 
for a considerable distance as descending caudal 
(Ft;) root of the fifth (formerly falsely called as- 
cending root) into the upper cervical cord, decreas- 
ing gradually in size in its course. This descending 
root of the fifth is seen in all sections of the me- 
dulla lateral to the remains of the posterior bom (the 
substantia gelatinosa of the tegmentum) the upper- 
most end of which constitutes the sensory root of the 
fifth. Until the present time the anterior, nasal, root 
of the fifth, described as motor root, was thought 
to be sensorj'; its significance is still uncertain. If, 
as is very probable, motor, it must also be called de- 
scending. Finally another part is said to reach the 
cerebellum direct from the sensory root of the fifth 
(direct sensory cerebellar -tract). It is therefore to 
be considered as the analogue of the lateral cerebel- 
lar tract of the spinal cord. 

The central neuron takes its origin from the cells 
of the Bensory nucleus and f i-om those of the environs 
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:he descending root. Its fibres, decussating in thu 
ihe of the tegmentum, cross the median line and 
reach the (median ?) tract of the fillet, passing toward 
the cortex to the posterior central convolution. Here 
it has its terminal fibre ramification. 

3. Auditory nerve. It is divided into two branches, 
the nervua cochJearis and the nervus veati bill aria, 
each subserving different functions. 

a. The cochlear nerve : the true nerve of hearing. 
Its peripheral neuron begins in Corti's organ in the 
cochlea, passes into and again out from the cells of 
the ganglion cochleare lying in the cochlea (analogue 
of the intervertebral ganglion) ; as nervus cochlearie 
it passes to the medulla and ramifies about the cells of 
the ventral auditory nucleus. Laterally it embraces 
the restiform body, and continues as central neuron 
above the corpus trapezoidea below the tegmentum. 
Above the tegmentum the strife acusticse pass to- 
ward the raphe (doubtful). The neuron decussates 
and continues its course aa the lateral inferior fillet 
of the corpora quadrigemina, lying external to the 
median auperior tract of the fillet. One part puraues 
its course uncrossed in the lateral fillet of the same 
side and cornea into conection with the superior 
olive through fibres of the corpua trapezoidea; the 
lateral fillet passes aa far as to below the corpora 
quadrigemina in the locality already mentioned and 
ends partly in the posterior corpora quadrigemina 
and median geniculate bodies (thereto connected 
with a third central cortical tract?). From here the 
central acoustic tract reaches the subthalamic region 
and thence into the posterior limb of the internal 
capsule, behind the above-described direct sensory 
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superior fillet fibres of the internal capsule. From 
it the fibres pass into the cortex of the superior tem- 
poral lobe, 

b. The vestibular nerve. Its peripheral neuron 
arises from the semicircular canals of the labyrinth 
where it has its neuron cells and terminates, splitting 
up about cells of the dorsal auditory nucleus and neigh- 
boring cell groups (Deiters' nucleus). One portion 
constitutes the descending eighth root, while another 
ascends to the cerebellum as direct sensory cerebellar 
tract. From the sensory nucleus passes the central 
neuron (corpus trapezoides?), crossing in the raphe to 
the median fillet and thus toward the cortex; corti- 
cal location unknown. 

The optic and olfactory nerves differ from the pre- 
viously described sensory nerves. They are not to 
be considered as peripheral nerves but as modified 
portions of the brain. This is shown by their struc- 
ture and development, 

4. Optic nerve. Its peripheral neiirnn lies entirely 
within the external layers of the retina. Adjoining 
this, its central neuron takes its origin in the internal 
layers. The neuron fibre runs in the optic nerve to- 
ward the centre. A partial decussation takes place 
in the chiasm in such wise that the fibres from the 
left retinal halves run in the loft optic tract, while 
those from the right halves run in the right optic 
tract. The two fibre bundles from the nassd halves 
of the retina consequently decussate. 

Each optic tract contains therefore fibres from both 
optic nerves, and there are apparently long and short 
tracts. 

The long tract passes in the optic tract to the lat- 
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eral geniculate body and embraciDg it runs in the 
undermost portion of the neighboring posterior limb 
of the internal capsule direct to the occipital lobes, 
optic radiation. The existence of these direct fibres 
is very properly disputed. The short tracts, which 
are certainly by far the most numerous, undergo in 
the primary optic centres, corpus geuiculatus later- 
alis, corpora quadrigemina anterior, and pulvinar 
tbalami, terminal ramification about the cells situ- 
ated there. From these cells the nerve fibres pass out 
as third (central cortical) neuron, attaching them- 
selves to the optic radiation (posterior limb of the 
capsule) and go to the cortex of the occipital region, 
the cuneus. About the cells of this region the fibres 
of both parts split up. 

Other fibres are also found in the optic tract, which 
arise from the anterior corpora quadrigemina and 
run centrifugally and for the most part decussate to 
the retina, the descending optic fibres. Their signifi- 
cance is uncertain. 

5. Olfactory nerve. As peripheral neurons are to 
be considered the nervuli olfactorii, analogue of the 
intervertebral ganglion, in the special sensory epi- 
thelial cells of the olfactory membrane. These run 
(unmedullated fibres) to the olfactory bulb and split 
up about cells there situated which compose the 
glomeruli olfactorii. From here the central neuron 
passes backward in the olfactory tract. One part 
nms crossed (commissura anterior), another part un- 
crossed to the cortex of the gyrus fornicatus and gyrus 
hippocampus. The fornix, corpora candicantia, and 
a number of fibre tracts of the tweeu-brain belong to 
the olfactory tracts and their association bundles. 
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This is the course of the eenaoiy tract. Its central 
I neuron runs therefore in greatest part crossed, its 
Fmaor peripheral uncross- 

ed (see Fig. 7). In 
consequence, most 
sensations reach the 
opposite hemi- 
sphere, but a small 
part the hemisphere 
of the same side. 
This arrangement is 
entirely analogous 
to the arrangement 
of the motor tract. 

We turn now to a 

consideration of the 

#* connections hetween 

: d. motor and sensory 

tracts. 

The peripheral motor and sensory neuron (reflex 
tract) and the central motor and sensory neuron 
(tract of conscious voluntary reaction) are in physi- 
ological connection. 

a. The Eeflex Tracts. 
We understand by reflex, a non-voluntary move- 
ment that has been aroused by a sensory stimulus. 

The entire process takes place within the periphe- 
ral neurons.* These comprise therefore the reflex 
f tracts, reflex arch. This reflex tract is divided into 

• Whether there are reflex tracts within the sympathetic 
syntem (reflex centres in the sj-nipathetic ganglia) is not 
known. 
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the sensory portion (sensory peripheral neuron partly) 
and the motor part (motor peripheral neuron) together 
with a connecting portion — the reflex collateral — a 
branch that separates from the sensory neuron after 
its entrance into the spinal cord or brain stem. This 
has already been described (p. 50) aa a short process 
of the posterior roots of the spinal cord, passing to 
the motor cells of the anterior horn (under 5). 

The reflex tracts are the first in the fibre primary 
constituent of the fcetna to become medullated. This 
corresponds to the fact that the first embryonic proc- 
esses of movement are of reflex nature, 

1. The Skin and Tendon Reflex Tracts. — They 
are in their course the best known. Their sensory 
limb is formed by the peripheral sensory neuron. 
Their connecting branch is the reflex collateral that 
ramifies about the colls of the anterior horns. Ap- 
parently not all of the motor cells of the anterior horns 
serve this purpose but only a part of them. There 
ia to be distinguished a long and a short reflex arc. 

(a) The short is composed of a collateral that 
passes direct from the posterior tract, through the 
p<Mterior horn to the anterior horn (plantar refiex, 
patellar tendon reflex, spinal reflexes). 

(fc) The long reflex arc arises from the ramifica- 
tions of a reflex collateral about a ceil of the posterior 
horn. From this cell an ascending and a descending 
branch with a number of collaterals pass out to one 
or more motor ganglion cells (in various levels of the 
anterior horns, and eventually even in the brain 
stem). In this manner reflex conduction to distant 
muscle areas is made possible. Hereby is also made 
dear the possibility of the activity of the brain, that 
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is postulated on clinical grounds for different re- 
flezetj. The fibres of the posterior longitudinal bun- 
dle appear to functionate in this manner. 

The localization of a few reflexes belonging to this 
class can be seen by referring to Fig. 6, page 48 (£ur 
details see Section IV., 3). 

8. The Complicated Reflex Tracts. — Their de- 
tailed course is still very little known. 

The deglutition, sneezing, and coughing reflex 
tracts are composed of the sensory trigeminus-glosso- 
pharyngeal-vagua fibres and the correeponding motor 
nerves of the vagus- aeceesoriua. 

The conjunctiva reflex is composed of the trigemi- 
nal-facial fibres. 

The pupillary reflex is composed of the optic and 
motor ocuii fibres (corpus quadrigemiuus and motor 
oouli nucleus). 

The reflex collateral must pass from the sensoiy 
nerves concerned to a corresponding motor nucleus. 
For some reflexes the participation of the cortex is 
also supposed. Facts are at present wanting for the 
localization of other important reflexes manifwted 
through the optic, the auditory, etc., nerves. 

See furtber details concerning these reflexes in Sec- 
tion IV., 4. 

The functions of the bladder, rectum, etc., under 
reflex control have their reflex arc in the sacral por- 
tion of the cord (see sensory and motor tracts of the 
same). 

6. The Tract of the Will. 

Above the reflex arc, which is constituted from the 
two peripheral neurons, there is as it were a second 
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I arc, which ia made up of the central motor and sen- 
Bory neuron together with their connecting pathways 
in tlie cerebral cortex. The latter serves for the con- 
duction from a couHcious sensation to a voluntarily 
innervated movement, i.e., for the act of will. 
In addition, the central motor neuron exercises an 
inhibiting influence and the central sensory neuron a 
controlling influence on the reflex process. 

The conscious processes all take place in the cere- 
bral cortex, within which the sensory tracts end and 
the motor begin. In it also lie the postulated con- 
necting tracts between any two areas of the cortex of 
different functional significance. A direct ramifica- 
tion of the sensory neuron fibre about the motor gan- 
glion cells is conceivable but is nevertheless improb- 
able. One or more other neurons (tranBcortieal) may 
very well be interposed between these two. (See plan, 
Plate 13). 

An approximate representation of the nature of the 
conscious processes in the cerebral cortex is obtained 
by a consideration of the course of development 
which the fojtal and infant psychic activity passes 
through. Although this starts essentially first after 
birth, yet a series of sensation and refiex processes 
take place in the fcetal life. 

The first movements are produced reflexly. The 
reflex tracts are medullated early, as has ali-eady been 
mentioned. The entrance of sense impressions from 
the whole surface of the body into the cerebral cortex, 
especially that of the posterior central convolution 
and the parietal lobe, takes place primarily as a foun- 
dation for the later activity of the will by way of the 
tegmental tract (fillet), which becomes medullated 
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^^^H long before the central motor tracts. The cells or 
^^^H neurona lying there have the speciUc; property of 
^^^H preserving these impressions in some way through 
^^^B chemical [?] or physical processes, and of reproduc- 
^^^1 ing them again under proper circumstances as mem- 
^^^H ory pictures. 

^^^H In post-fcetal life there come, besides these, memoiy 
^^■^ images of sound waves, from the external physical 
world through the lateral auditory fillet, that have 
been stored up in the superior temporal convolutions. 
I In the same way those of visual sensation which are 

deposited in the occipital lohes, especially in the cor- 
tex of the cuneus around the calcarine fissure, coming 
I by way of the optic radiation. A similar condition 

j obtains with smel! and taste sensations. 

All of these different qualities of memory images 
^^^^ that are thus localized in spatially separated portions 
^^^L of the cortex are again connected with one another, 
^^^H by the agency of association processes, with memory 
^^^H images in the same henaisphere, by the association 
^^^H tracts in the strict sense, as well as with others in 
^^^B the other hemisphere, by commissural tracts. 
^^H^ The construction of ideas arises first through the 
F processes of association; every idea is therefore com- 

I posed of a sum of associated memory images. Asso- 

1^^^ ciations of a higher order are the ideas whose combi- 
^^^L nation form the processes of logical thought. The 
^^^P reproduction of these associations is called an idea. 
^^H^ Only a small part of all possible associations is at 
' any given time in operation; the remainder are 

latent. 
t The sum of these associations that are at one par- 

I ticular time operative, plus the sense impressions en- 
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ng for the first time, make up together the chief 
comi>oneiit of the content of consciouBness. This 
content is consequently subject to a persistent 
change. A portion of the asaociations, Bupposeiily 
not small, runs its course below the threshold of con- 
sciousness (unconscious associations). 

In addition to those already named there is still 
another species of sensation that reaches the cerebral 
cortex; it is this which is particularly auhject to a 
development into unconscious associations. These 
are the muscle and articular sensations that are con- 
ducted toward the centre at the time, when move- 
ment processes take place, which are so early reiiexly 
produced. These store themselves in the central con- 
volutions, probably in the immediate neighborhood 
of the motor centres, as the sensations of the inner- 
vation of those movements that are called forth by 
the activity of the various muscles, kinaesthetic mem- 
ory images. 

Through the reproduction of memory images of 
innervation sensations which are being continually 
deposited in post-fcetal life and through (unconscious) 
association further developed, the conscious volun- 
tary muscle activity is in some unknown manner 
made poBsihle and its purposive function controlled. 
The tract in which this conduction takes place from 
the terminal portions of the central sensory neuron to 
those of the central motor neuron (it must lie in the 
cortex) is the real analogue of the reflex collateral of 
the peripheral neurons. 

An example may illustrate what has been said. 
On Plate 11, 3, is shown the reflex tract, its sensory 
part brown; the reflex collateral, its motor part blue. 
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Above is placed the ceDtral tract for consciouB activi- 
ties, its senaory part green, conuecting neuron black; 
its motor portion red. Tbe memory images of sense 
impreaaions and muscle sensations store themselves 
about the sensory (green) cortical ramifications, con- 
sequently in the (black) commissural and association 
neurons of the cortex. These last-named tracts paaa 
to and come from other localities of the cortex. 

If the toe be pricked, the leg of the side in the first 
place draws back reflexly (reflex course in brown 
neuron to bine, reflex conduction in the lumbar 
cord), at the same time the sensory stimulation 
reaches the cerebral cortex in the green neuron. 
This is associated with various memory im^ea and 
consequently causes the conscious pain sensation. 
This causes, now that a new prick threatens associ- 
ation with fresh optical sense impressions, through 
tbe arousal of the proper innervation feelings (lobus 
paracentral! a) impulses in the motor tracts (red, blue) 
that are necessary for the withdrawal of the leg and 
thereby the muscles that are supplied by it of the dif- 
ferent cortical activities that in this wise take place. 

The process of vocal speech interests us chiefly 
here. 

In the upper temporal lobe of the left hemisphere 
are deposited, by the child that is learning to speak, 
the sound images of heard words (auditory word 
centre, sensory speech centre). The recognition of 
the significance of word images, the development of 
their signification, is first made possible through aa 
extensive association activity. 

From here a pathway (connecting part) leads to 
Uie word speech centre, motor speech centre, in tbe 
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foot of left inferior frontal convolution Broca's con- 
volution. Here or at least in the immediate vicinity 
are deposited through practice and repetition the 
innervation impressions, kinsesthetic memory pic- 
tures, for all muscles concerned in the act of speech, 
the muscles of the tongue, mouth, palate, larj'nx. 
The reproduction of these innervation sensations, 
stimulated from the sensory speech centre, finally 
arouses the complicated movements that are neces- 
sary for the production of letters, words, and sen- 
tences. If through some mishap the bearing of a 
child is lost, it will be impossible for it to learn to 
talk (deaf- mutism). All of these processes in the 
acquirement of speech are in close association with 
the memory pictures from other centres, especially 
with the optic and the tactile. The more memory 
pictures that are stored up in the cortex and the more 
purposive they become through associations, the 
greater is the intellectual funcl of the brain. 

The speech centres lie, like the centres for reading 
and writing which will be considered hereafter, only 
in the cortex of one hemisphere; in right-handed 
persons in the left hemisphere; in left-banded in the 
right hemisphere. The motor speech centre is prac- 
tically identical with the centre for the facial, hypo- 
glossal, etc. 

In learning to read, the scriptoral memory images 
are stored up in visual centres (occipital lobe) and 
reach consciousness first thrmigh association with the 
auditory (sound-image) centre and also with Ihe 
motor speech centres; because in learning to read we 
always transform the script images into sound images 
and a speech motor image (reading aloud). In later 
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yeara many persons may emancipate themselves 
from these association procesBes. 

In learning to write the scriptoral memory images 
deposit themselves as sensations of innervation of the 
writing movement in the right arm centre in the mid- 
dle third of the central convolution of the left hemi- 
sphere. They stand in the closest associative con- 
nection with the optic and auditory memory images 
of this side. 

In some individuals the optic, in other the kinffis- 
thetic script associations stand more in the fore- 
ground. 

The chief regions of the hemispherical cortex in 
which these processes take place are therefore in the 
central convolutions, the upper temporal convolu- 
tions, the parietal and occipital convolutions. For 
the higher psychical functions of the intelligence the 
frontal lobes are designated as the peculiar anatomi- 
cal substratum. Still one must always bear in mind 
that the complicated processes of the faculty of 
thought consist only of more complicated and more 
extensive association processes, and that the sum of 




these BBSOciationB cannot possibly be determined by 
the activity of a single lobe. 

In Fig. 8 can be seen the difference in the distribu- 



ASA^TOHT AND PHT81OL0QT. 

tion of centres for the two hemiapheres to the advan- 
tages of the left. The latent cortical areas are white. 
The dotted sense areas contain the psycho-sensory 
and the psycho-motor areas, the projection tracts 
along with association tracts. The other white cor- 




tical convolutions contain exclusively association 
fibres . 

For the understanding of speech and other processes 
Fig. 9 will serve us. The connection of tracts in 
speaking, reading, and writing is illustrated as fol- 
lows when we designate: by 1, the sensory speech 
tract, by I. its centre; by H the motor speech tract, by 
II. its centre; by 3 the optic tracts. III. the optiv 
centre; by 4 the kiuEesthetie tract for speech and 
writing movements, IV. their centres; hy 6 the motor 
writing tract, V, its centre (arm centres). 

The construction of ideas is designated by x ; this 
is not supposed to be attached to one centre but is the 
effect of the united associative activity. A part of 
the important associatdonB that are in each instance 
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coocemed is represented by the designation n in J 
brackets. 



Learning to apeak: 1 (a 3)— I.— U. (o IV.)— 2 



Learning to read : 3— III.— I. (a IV.)— IL— 3 



Learning to writer 3— III.— I. (a IV., a II.)- 
Spontaneoua speech ; x— II. (a IV., a I.) — 2 



Spontaneous reading : 3— III.— I. (a IV.)~II. — 3 

Speech repetition*: 1— I.— IL {a IV.)— 2 
Writing from tKipy: 3— III.— V. (a IV.)— 5. 
Writing from dictation: 1— I. (a III.) — ^V. (of 

IV.)— 5. 

la order to avoid repetition, other important de*i 
tails will be considered under general symptomatol- 
ogy (Section IV., 3). 

It only remains to consider the co-ordination of J 
motor activity. 

Every movement, even the smallest, takes place I 
through the combined functioning of a number of 1 
muscle groups. The control of this adaptive process 1 
of the different muselea involved in every single] 
movement is called co-ordination. 

Even in a simple muscular act, agonist and i 
tagoniata must act co-ordinately. Much greater oo- 1 
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ordination is required in complicated movement proc- 
esses that are composed of many different single acts 
following in sequence (for example, walking, talk- 
ing, etc.). In these cases not only must the single 
movement be adaptively controlled, but the temporal 
order must be regulated in proper sequence. 

Muscle groups functionating together draw their 
peripheral as well as their central neuron, or at least 
a part of theae, from cell stations, the individual cells 
of which are united together in a peculiarly close 
connection (co-ordination centres and tracts of the 
brain and spinal conl). Thus, for example, the eye- 
muscle nuclei and the hypoglossal nuclei are pecul- 
iarly close in their connection. The motor impulses 
from even a single cell may, through collaterals, 
be conducted to different muscles and thereby sup- 
port the co-ordinated muscle action. 

The control that is exercised by the sensory sensa- 
tions (particularly muscle sensations) is important 
forthe development of co-ordination. This as well as 
the influence of the cerebellum upon Btatic co-ordina- 
tion atill remains to be considered. 

The cerebellum without doubt exercises an influ- 
ence upon static co-ordination and equilibration of 
the body iu standing erect and in walking. For this 
purpose it receives through centripetal conducting 
tracts the muscle sensations (also optic, tactile, etc.) 
from the periphery of the body. The restiform bodies 
conduct the part of the posterior tract which does not 
reach the fillet from the nuclei of the posterior tract 
to the cerebellum. In a similar manner the lateral 
cerebellar tract (function unknown) and fibres from 
the vestibular nerve (.semicircular canals, organ of 
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equilibration V) and trigeminal nerve (direct t 
cerebellar tract) pass to the cerebellum. 

But in what manner the cerebellar influence upoq 
co-ordination ia to be understood there exist onlj 
doubtful hypotheses . 

The cerebellum stands in manifold connection witi 
the cerebrum. It ia therefore conceivable that it rua} 
exercise a controlling influence upon the motor cwrti-* 
cal area of the latter and so indirectly on muscular ac^ 
tivity. But it is with these centres particularly that 
the cerebellum appears not to be directly connected. 

The fibres of the pons pass from the cerebellum 1 
the crossed ganglion of the pons; in these terminate^ 
as we have already seen, both the frontal and ■ 
poro-occipital pontal tracts. 

Each cerebellar hemisphere consequently appears t 
be in direct connection with the frontal, temporal, an 
occipital lobes of the opposite cerebral hemisphere. 

Further, the connecting arm cornea from the r» 
nucleus of the tegmentum, which is further connected 
with the thalamus (fillet [V]), etc., and passes to i 
crossed hemisphere of the cerebellum. That thea* 
cerebro- cerebellar tracts exist we know, but thei] 
function is obscure, although they appear to be eoni 
nected with co-ordination. 

A direct influence upon the muaculature from 1 
cerebellum is also anatomically conceivable. Froij 
the cerebellum, the olivary fibres pass in the reati- 
form body to the contra-lateral olive, and from here 
the central tegmental tract passes upward and the 
olivary tracts pass in the lateral pathway downward 
to the cells of the anterior borne (?). 

In conclusion, very little definite knowledge baB a 
yet been acquired in this field of investigation. 




SEOTIOIT IV. 



General Pathology and Therapeutics of the 
Diseases of the Nervous System. 

CPlateBG3 to68.) 

1. CAUSATION OF THE DISEASES OF THE NERVOUS 

SYSTEM. 

The diseases of the nervous system develop either 
as primary affectioDH of the Derve substance itself, 
or they follow secondarily to disease of neighboring 
tissues of the body such as the blood-vessels, skin, 
bones, etc. 

The most common causes of thrae " secondary" ner- 
vous diseases are : 

a. Degeneration of the vascular apparatus and its 
consequences, such as arteriosclerosis, thrombosis, 
embolism, rupture, and aneiorism. As the result of 
these there follow various forms of nutritive disturb- 
ances or mechanical compression and destruction 
of the nerve substance. 

b. Acute or chronic inflammatory processes in the 
membranes of the brain and spinal cord, such as 
meningitis, acute, tubercular, or syphilitic ; and in the 
bones of the skull and spine, such as osteomyelitis, 
caries, and gumma. These conditions may lead up 
to compression and consequent disturbance of nutri- 
tion, and they may also involve the nerve substance 
directly by continuity. 
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c. Tumor formation of all sort-B, such as sarcoma 
carcinoma, osteoma, solitary tubercle, gummatoul 
infiltration, cyaticerci, etc., may develop in the i 
volved tissue, the consefjuences of which in the maia 
are compression of the adjacent nerve substance. 

. Cicatricial formations can injure in a similar manneri 

d. Metastatic formations from purulent foci 
other organs, such as abscess of the lung, tuberculai 
areas, malignant tumors, pysemia, etc. 

e. Through intoxication after the reception of poi- 
sons in other and distant parts of the body and tbeix 
absorption into the blood, as in diphtheria, septi" 
csemia, erysipelas, typhoid fever, syphilis, nephritis^ 



/. In association with general constitutional dia- 
eases, such as an£Bmia, cachexia, chlorosis, etc. 

Those enumerated mider e and / may be considered 
the most common causes of "primary" diseases < 
the nervous system. Aside from these there belong) 
in this category a number of other toxic conditioni 
and infectious diseases which manifest their sinistei 
influence on the nervous system directly; auch i 
lead, arsenic, ergot, alcohol, and acute poliomyelitis, 
tabes, acute neuritis, etc. 

We must likewise consider here all those diseases 
which are the result of defective protal or embryonal 
development, such as the muscular atrophies, heredi- 
tary system diseases, etc., and the class of diaeasea 
known aa functional. 

We designate as functional those diseases in whioh 
we are unable by present methods of investigation to. 
demonstrate the presence of anatomical changes in 
th« nervous system. In these diseases the exact B 
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as well as the character of the disease are uDknown. 
They have been heretofore considered, correctly or in- 
correctly, to be diBturbance of function dependent 
upon altered nutrition, molecular or chemical in 
nature. The scope of these diseases is continually 
becoming narrower aa methods of investigation be- 
come more comprehensive. In this category belong 
hysteria, neurasthenia, and a group of psychical dis- 
eases such as melancholia, mania, etc. 

In contrast to the diseases designated as func- 
tional, diseases in which some anatomical change can 
be found are known as organic and local izable diseases. 

A further subdivision has been made of nervous 
diseases according to their etiology. They are thus 
divided into endogenous when their origin is within 
the human body, and exogenous when the disease de- 
velops from external sources, such aa the toxic and 
infectious diseaaea. 

In recognition of the in completeness of our knowl- 
edge of the cause of nervous diseases and especially 
from didactic and diagnostic considerations, it is 
ui^ent to seek for the other causative factors. 

For the comprehension of the endogenous diseases, 
that is, those resulting through detective embryonal 
development, it is necessary to bear in mind the fol- 
lowing : There are a number of diseases which may 
occur in the various members of a family in the 
same or in similar forms. In what way the error in 
the generative series is determined cannot be said. 

In senility most organs of the body, such as the 
heart, kidneys, liver, do not have complete repara- 
tion made for the pareucbymatous material that is 
used up by the fuuctionation of the organ, and the 
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result is that aa atrophy called " senile" of the orgai 
results. This atrophy is especially marked in the 
parenchyma of the organ. Id a like manner one caa' 
imagine that in many individnala whole organs or a 
part may "wear out" prematurely, especially wfa^a 
such parts ha^e not had an excess of vital resiBtancd 
from the beginning. In these cases after the repara' 
tive ability for the utilized material fails, there coma 
an atrophy, as in cirrhosis of the liver, atrophio 
kidney, etc. In various nerve pathways a similai 
condition goes on. As the result of protal defect o 
the tract there goes on before the death of the indi- 
vidual, frequently for many years, a slow and tin- 
checkable process which eventually leads to destruoi 
tion of the tract (involution diseases). 

Recently the hypothesis has been put forward tha 
election of any tract for disease or the vulnerability 
of it is dependent upon its function, and that 1 
tracts that are most active in functionating, such i 
the reflex tracts, the sensory tracts, and the pyram- 
idal tracts, are the readiest to lend themselves td 
such degeneration, especially in those who have dia* 
turbances of nutrition from other causes, such at 
cachexia, intoxication, etc. 

Aside from these an undefinable inherent or ac- 
quired "disposition," which although we do not un^ 
derstand we must admit, exists in the production i 
the exogenous nervous diseases. 

In many nervous diseases some more or l^s con< 
current factors, such as mental strain, excesses of a 
forms, and before everything else a great number c 
bodily ailments and diseases, seem to play an impori! 
tant role. 



3. THE PATHOLOGICO ANATOMICAL CHANGES IN 

NERVOUS DISEASES IN GENERAL. 

A disease can Beamingly without election affect 
either a certain segment of the nervous system with 
the nei've fibres and celis of an area which in the 
brain is called diffuse or focal disease and in the 
spinal cord transverse disease, or it may involve a 
number of cells and fibres that have an anatomical or 
functional connection, or an entire neuron, or indeed 
an entire pathway, and it is then known as a syB- 



Simultaneous involvement of two or more different 
neuron complexes or paths constitute the combined 
system diseases. 

In focal diseases an effusion of blood into a certain 
area and the consequent destruction of nerve sub- 
stance will cause on the surface of an organ a defect, 
while in the substfince of the tissue there will be a 
cavity formation in which long after the occurrence 
the blowl stain is recognizable while the effusion is 
itself resorbed. 

From disturbances of nutrition, such as from plug- 
ging of the arteries, compresBion, infiamraatoiy proc- 
esses, there follows softening, or pundent forma- 
tions when purulent sources are present. The cells 
and nerve fibres involved become necrotic and en- 
tirely destroyed. The fat and albuminoid corpus- 
cles, the result of this breaking down, are further 
transformed by the white corpuscles into nucleated 
cells. Eventually there results a defeot, a cyst. 
Around all such defects the glia tissue becomes 
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thiukened iuto a firm sheath which partly fills up tl] 
cyst, and later by means of this procees of cicatriza 
tion there follows a shrinkage of the focus, 

From each such focus of disease there results 
series of other disease processes secondarily. Thei 
occurs, starting from the point of focal disease, the s 
called secondary degeneration in a descending ; 
well as in an ascending direction (different for AH 
ferent pathways), which degenerations are to be f(^ 
lowed in part throughout the entire nervous systeiq 

These degenerations develop according to the foJ 
lowing principles : 

Every neuron cell exercises, as we have alrea^ 
seen, a nutritive influence over its entire prolongs 
tion. A destruction of the cell or a disturbance i 
the relationship of the cell and cell fibre causee a 
ondary destruction of the distal portion, i.e., the par 
separated from the cell. The degeneration begii) 
immediately after the disturbance of the connectioi 
of the neuron and its prolongation, 
peripheral portion of the involved ] 
but also in the terminal fibre ramifications, and i 
curs eventually in the entire course of the involvei 
portion. The process of degeneration goes on cellulip. 
etally in those fibres which are separated from thei 
cells. If the solution of continuity be complete as 
sudden, as from a trauma, the degeneration ocouj 
simultaneously in the entire course of the fibre. ^ 
the degenerative process ceases, which after a pradkM 
from a few weeks to a few months is the case, the) 
results in the spinal cord : 

A descending degeneration of the motor (centi 
ugal) neurons, the neuron cells above the area, ; 
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an aBceiiding degeneration of the sensory (centrip- 
etal) neurons, the neuron cells heneath the diseased 
area, and also a degeneration of the tract in the 
direction of its conductivity. 

In addition there exist tracts that may degenerate 
in both directions — for instance, the fillet tract. This 
phenomenon has been attributed in part to cessation 
of function and is known as "functional atrophy." 
It is possible that these tracts conduct fibres which 
have different sources of origin. The neuron cell it- 
self suffers secondary changes after the continuity of 
the fibres has been severed and the performance of its 
function hindered. For a more detailed considera- 
tion of these degenerations see Plate 55, 3, and Plates 
Gl to (18. 

The recognizable microscopical anatomical changes 
in primary and secondary destruction of the nerve 
tissues appear to be essentially the same. Aside 
from the gross morphological alterations, we know 
generally apeiiking very little accurately of the more 
minute pathological process that goes on in the nerve 
cells and nerve fibres. The ganglion cells suffer a 
cloudiness of their protoplasm, crumble, shrink, lose 
their prolongations, and eventually completely dis- 
appear. 

The nerve fibres likewise become swollen, their 
medullary sheaths liquefy into drops and eventually 
become completely resorbed, the axis cylinders dying 
first. This constitutes the process of degeneration. 
In the place of the nerve cells and fibres thai have 
disappeared there forms a dense, felt-like formation, 
newly formed, excessively vascular, glin tissue, the 
walla of the blood-vessels being vei-y thick. Round- 
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cell infiltratioi], and in the begiDning granular cells 

are frequently to be seen. Eventually there results 
in this way the so-called "sclerosis," pigmented con- 
nective-tissue formation replacing the former fibres 
which have suffered disintegration. Instead of the 
sclerosis there may result simple atrophy of the in- 
volved part. This depends in part on the variety of 
the disease and the rapidity with which the process 
goes on, and in part on other caueeu (see description 
of Plate 64, 2). 

8. GFNERAL AND SPECIAL REMARKS ON THE SYMP- 
TOMATOLOGY AND LOt;ALIiLA.TION OF NERVOUS 
DISEASES, TOPICAL DIAGNOSIS. 

The nervous organiam can react in two ways to the 
various disease processes. It can either be stimu- 
lated to morbid activity or its function may be en- 
croached upon and eventually entirely annihilated. 
Frequently both of these procedures go hand-in-hand 
or rather follow the one on the other, so that in the 
beginning of the disease the pathological process is 
of an irritative nature, while a continuance of it 
causes paralytic manifestations ; and aymptoras point- 
ing to loss of the function of the organ come promi- 
nently into the foreground. 

Disease of the motorial cortico- muscular tract can 
call forth as irritative symptoms the severest con- 
vulsive attacks, convulsions, tonic or clonic, fas- 
cicular or fibrillary muscular twitching; and as para- 
lytic symptoms, weakness, paresis, or paralysis of 
single muscles or of members of the body, depending 
upon the extent of the disease. 

Disease of the sensory tract can have its irritation 



symptoms manifested by neuralgic pain, pathologi- 
cally increased sensitiveness, such as hypersBstheaia 
and hyperalgesia, and its paralytic symptoms by 
weakness or entire destruction of sensibility or a 
qualitative destruction, such as anaesthesia, anal- 
gesia, and therm o-ansesthesia. 

Disease of the pathways of co-ordination may be 
manifested by the limitation or cessation of co-ordi- 
nation of muscular action, causing ataxia, ataxia of 
movement, and static ataxia. 

The variety of the disease process is of less value 
in determining the beginning symptoms than the 
locality and extent of the disease. And here it is 
important to diflEerentiate between focal and system 
diseases; the symptoms of the latter are very much 
more constant and well-defined than those of the first, 
which vary according to the topography of the focus. 

The fundamental facts necessary for a comprehen- i 
sion of the symptomatology of nervous diseases are 
the following ; 

A lesion of the central motorial neurons is followed 
by a paralysis of the muscles which they supply and 
voluntary muscle response perishes. The paralysis, in 
accordance with the crossing of the central neurons, 
must be manifest on the opposite side of the body. 
The paralysis is of a spastic nature ; that is, the mus- 
cles affected resist passive movements, the tonus of 
the muscles is accentuated (hypertonia), and the 
muscles have a tendency to spontaneous shortening, 
the so-called contracture formation. Although there 
follows an enormous inactivity atrophy, there ia no 
degenerative muscle atrophy, that ia, the relative pro- 
toplasmic make-up of the muscle remains unaltered. 
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The reflex tracts are not interrupted, the occurrenO 

of the reflexes are facilitated, and increased refle: 
are the consequence. If the seat of the disease be ii 
the vicinity of the cell bodies of motorial nenroi 
(ctjrtex of the brain, central convolutions), the r 
suiting irritative symptoms may be manifested i 
involuntary contractions of the muscles to wrbid 
they are distributed — that is, motorial irritativi 
mauifestations, tonic and clonic convulsions, epil^ 
tiform convulsive attacks; half -sided or bilater^ 
slow, involuntary, choreic, irregular movementa 
spontaneous, determinate, athetoid movements of t 
fingers, etc. 

A lesion of the peripheral motorial neuron lead 
likewise to a paralysis of the muscles to which the* 
neurons are distributed. The paralysis, however, i; 
accordance with the uncrossed course of the neurone 
is on the same side of the body as the lesion. 
paralysis is of a flaccid nature, that is, there is i 
resistance to passive movement, the tonus of tl 
musculature is lost, and there is no tendency to con 
tracture. The muscle undergoes, in a longer a 
shorter time after the onset of the disease, depeudinL 
upon the nature of the lesion, a degenerative atrophy. 
The protoplasm of the muscle is involved, it become^ 
granular and is resorbed, the muscle changes into i 
fibrous mass and the protoplasm of the muscle fib] 
completely disappears. See also under electro-diaj 
nosis, part 4 of this section. 

If the reflex arc is interrupted the reflexes are li 
As irritative symptoms there often appear fibrillaij 
muscular contractions in smaller muscular bundla 
which occur without producing any movement of t 
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part, and aa a result of this the muscle may pass into 
a condition of fluctuation, of unrest, which, however, 
eventually disappears by itself. 

Lesion of the sensory tract entails disturbances of 
sensibility on the opposite side of the body in disease 
of the central neurons and on the same side in dis- 
ease of the peripheral neurons. Aside from this there 
is no essential difference in the resulting symptoms, 
such as there is, for instance, in disease of the motor 
tract. Attacks of severe, neuralgic, lancinating 
pains are considered somewhat significant of in- 
volvement of the posterior roots (peripheral neuron.)* 

The motor pathway runs through the entire ner- 
vous system and in every point of its course it con- 
tains central and peripheral fibres, the latter going 
successively at all levels toward the periphery. 
Therefore we use, in making exact localizing diag- 
noses of focal areas of disease, the above discussed 
motorial symptoms in disturbance of the central tract 
in much the same manner as the axis of abscissas on 
which other focal symptoms indicate the height of 
the lesion as ordinafca. 

We shall consider only the focal and system dis- 



I. Symptoms of Focal Disease. 

A. OF THE BBAIN. 
These are divided into the direct focal symptoms 
in the narrowest sense, and into the indirect, which 
are operative remotely as well as in neighboring por- 
tions of the brain, and into general symptoms, such 



* Pain of central origio may ocour uidibe of great aeveritj. 
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as fever, cachexia, vomiting, headache, distor! 
of pbjsical integrity, depeDdiag upoD the farm and' 
the development of tiie lesion. In very extensive 
leeions there follows loss of coDsciousoess, coma, or 
somnolency. In the ft^owing only the direct symj 
tomB natorally are considered. 

1. Stuptoms in Lesion of toe Cbkkbbal Cost 
a. Of the Frontal Lobe. 

Disease of this part of the brain occurs freqaenti 
without giving rise to symptoms. In foci of consk 
erable extent there is oftentimes psychical disttui 
ance, such aa apathy and dementia. 

If the inferior frontal lobe of the left hemisphei 
in its posterior portion is involved there will be ,-^* 
companying loss of voluntary speech innervatu 
constituting motor aphasia. 

With a more extensive lesion, if the arm centra' 
the central convolution is involved, there may be 
inability to write voluntarily, constituting 

With a lesion of both frontal lobes there will 
dietiirbances of bodily movements and disturbance 
phonation. 

b. Tlie Central Convolutions. 

Disease of the upper third of the central conT<Jt) 
tions and of the paracentral lobe is followed by spasti 
parHlysis of tlie entire lower extremity of the oppc 
Hite aide, crural monoplegia, and eventually such inj 
tation aymptoms as clonic convulsions and choF^t 
athetoid movements of the leg. 
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Lesion of the middle third results in crossed spastic 
brachial monoplegia and later irritation symptoms 
in the same arm. 

Lesion of the inferior third produces crossed facial 
monoplegia and eventually twitchinga iu the parts 
supplied by the seventh nerve. Only the inferior 
portion of the musculature of the face is involved. 

Lesion in the region beneath and in front of the 
facial centre produces lingual monoplegia, paralysis 
of the opposite hypoglossal; the tongue when pro- 
truded turna toward the opposite side. 

When the extent of the focus in the central convo- 
lutions is a larger one and involves more than one 
centre, then of course more groups of muscles of the 
opposite aide are affected, .causing partial hemiple- 
gia, total hemiplegia, and a complete lesion of the 
extremities, of the face, and of the tongue. The even- 
tual irritation symptoms that may occur from corti- 
cal lesions in this area are partial cortical epilepsy 
(Jacksonian epilepsy), the disease causing from the 
primary focus a sncceasive irritation of all the motor 
centres in the order of their situation. Accordingly 
the spasms take place on the opposite side of the body. 
The irritation may be transferred to the other hemi- 
sphere (through the commissural fibres) , When there 
are focal lesions in the cortex of the central convolu- 
tions of both hemispheres, then a double-sided spastic 
paralysis takes place, facial, brachial, diplegia, etc. 
(see paeudo-bulbar paralysis). 

The muscular paralysis in these cases is a spastic 
one. The tendon reSexes of the paralyzed side and 
often of the other side are increased, the skin re- 
flexes of the paralzyed side are often diminished. 




The Parietal Lobes. 



Lesions of these parts are often accompanied 
disturbance of sensibility in the opposite half of 
bt>dy, especially disturbance of the muscle Bense aoi 
of cutaneous sensibilitj'. NeTertheless the aature 
this disturbance (bemianaestbeBia) is not BufBcientlyJ 
elucidated. A focus in the angular gjTUS can pro-; 
duce disturbance of the ocular muscles of the opposil 
eye, ptosis, and equinanimous deviation of both ej 
balls toward the seat of the focus (conjugate de' 
tion). 

Lesion of the left inferior temporal lobe, the supi 
marginal gyrus, may cause inability to read (alexia] 
while the ability to speak is in nowise disturbed. 

d. The Occipital Lobes. 

Unilateral destruction is followed by the disi 
ance of vision known as hemianopsia, i.e., blin 
ness of similar sides of the retinse. For instano 
destruction of the left occipital lobe causes blindn 
of the left half of both retinae, or, what is. the ( 
thing, loss of vision in the right half of the tw< 
visual fields, thus constituting right-side hemianop 
sia. In multiple peripheral lesion of the left hemi 
sphere there develops lc«s of the optic memoiy picfcan 
and the capability of their association, thus < 
psychical blindness, inability to grasp the conceptitx 
of a seen thing or object, and eventually even to r 
<^nize it, i.e., optic aphasia. 

When the focus of disease is on both sides 1 
may result complete (cortical) blindness. 



toreo<> 

2 



PArHOLOGT AND THBBAPBICTIOB. 

e. The Temporal Lobes. 

Destruction of the superior convolution of the left 
hemisphere is accompanied by loss of the power of 
recognition of word sounds and their constructive 
association, thus constituting sensory aphasia (lose 
of the understanding of words with preservation of 
the power of speech). 

With bilateral lesions there occurs "cortical deaf- 
ness." 

/. Mesal Hemisphere Surface. 

The paracentral lobe is to be reckoned with the 
central convolutions, the cuneus with the occipital 
lobes. 

Destruction of the uncinate gyrus (gyms hippo- 
campus) causes dieturbance of the sense of smell, 
central anosmia. Lesion of the posterior basal por- 
tion of the frontal lobes results in disturbance of the 
sense of taste (central ageusia [?]), which, however, 
is apparent only when the focus is on both sides. 

g. Island of Reil. 
Lesion of the left island of Reil produces a disturb- 
ance in the ability to correlate the speech centres, so 
that the result is defective word and sentence forma- 
tion, lapsus linguBB, etc. ([jaraphasia). It destroys 
the control of the sensory speech centres. 

2. Lesions of the Centrum Skmiovalb. 

These lesions are often symptomless. When tracts 
which go to the cortex are affected just before pass- 
ing into the latter (subcortical lesions) the same 
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symptomB then may occur a.s when the cortex 
is involved (but as a rule without any symptoms a| 
irritation), such as monoplegia, aphasia, hemianoit^ 
sia (optic radiations), and h em i anaesthesia. As tb 
raotorial pathways converge more and more an theg 
paas in their course through tlie white substance, i 
small lesion will cause more extensive symptoms thfl 
more deeply it ia situated. For instance, while a cofb 
tical lesion of a certain size may cause only mono* 
plegia, the same lesion may cause, if deeply seated^ 
complete hemiplegia. 

Lesions of the corpus calloaum are generally symi 
tomless. 

3. Lesion of the Internal Capsule. 

a. Destruction of the anterior limb occurs withoi 
attributable symptoms. 

6. When the lesion is in the posterior limb an 
only the knee is involved, the symptoms resulting" 
are: Paralysis of the facial (inferior branch), paraly- 
sis of the hypoglossal of the opposite side. (When 
the lesion is on the left side there is disturbance o£ 
speech.) When the lesion is double-sided there is 
diplegia. When the middle portion is involved 
there is crossed hemiplegia of the brachio-crupal 
type, and when the posterior portion is the seat of t 
lesion there will be partial heraianEesthesia of the o|f 
posite side of the body and often hemianopsia, btftt 
the latter is by no means certain. There may like^ 
wise be lessened acuity oi hearing. In most in. 
stances the focus is so extensi^'e that the li 
tion of the segment of the capsule is destroyed; 1 
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Siere occur the well-known symptoms, total hemi- 
plegia, facio-hypoglossal-brachio-crural type, of the 
opposite half of the body with hemianEesthesia. 

The ocular muscles, muscles of mastication, and 
those o£ the upper face, throat, and trunk, muscles 
that functionate bilaterally, are involved only if the 
lesion be a double-sided focus. 

4. Lesion of the basal ganglia, nucleus cauda- 
tuB and nucleus lentiformis, may apparently be 
symptomless; the symptoms which so often accom- 
pany lesion of these parts being attributable to in- 
volvement of the adjoining internal capsule and may, 
therefore, be called indirect symptoms. 

6. Sequentially to lesiox of the THALAMUS, espe- 
cially if the focus be double-sided, there follows dis- 
turbance of psychical functions, especially of the 
psychical reflexes, such as laughing and crying. 

There are also disturbances of co-ordination mani- 
fested by choreic movements, not infrequently rapidly 
developing muscular atrophy on the opposite side of 
the body. 

Destruction of the posterior portion of the thala- 
mus, the pulvinar, causes partial hemianopsia. 

6. Lesion in the subthalamic- region causes 
1 {lesion of the fillet). 



7. Lesion of the Corpora Quadrigemina. 

As an irritation symptom there appears a peculiar 
disturbance of locomotion, a reeling, uncertain gait, 
a cerebellar ataxia, which is possibly explained by 
involvement of the cerebellar peduncle or by influ- 
ence on the neighboring cerebellum. Such a gait in 
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combination with othfir symptoms speaks io favor e 
lesion of the corpora quadrigemina. These symp: 
toma are paralyeia of the ocular muscles, ophthalmo^ 
plegia. The latter can he the result of nuclear i 
Tolvement or of involvement of the nerve fibres, and 
the seat of the lesion may be unilateral or bilateral. 
Lesion of the most anteriorly situated cells of the 
nucleus would seem to cause paralysis of the interior 
eye muscles, the ciliary and sphincter pupillffi mus- 
cles, while lesion of the anterior inferior portion of 
the corpora quadrigemina paralyzes the internal am 
superior rectus, the levator palpebrje superioris; 
remaining eye muscle nuclei being situated mca 
posteriorly. 

If the tegmentum beneath the corpora quadrigeiq 
ina is simultaneously involved there results ore 
(incomplete) hemianEestheaia (tillet). 

If the cruata are damaged there results i 
hemiplegia of the brachio-crural type and also of t 
facio-lingual. 

If the lesion is only one-sided, there results a toted 
crossed hemiplegia with paralysis of the motor oculj 
of the same side (peripheral aame-aitled neuron), 
This form of hemiplegia which involvea the crossed 
descending central neuron for the hemiplegia as wo] 
as the uncrossed peripheral neuron for the oculQt 
motor paralysis is known as hemiplegia alten 
Where the disease focus is double-sidetl, other Bymj 
toms bespeak the extensivenesa of the lesion. 

The eye muscles that are thus paralyzed undersjo! 
degenerative atrophy, while the paralyzed extreno 
tiea develop a spasticity without severe injury to ti 
mnaclee. 



If the optic tract or the geniculate body be in any 
way involved, the result will be hemianopsia. 

In destruction of the posterior corpora quadrigeni- 
ina and median geniculate bodies, there develops 
frequently disturbance of hearing. 

8. Lesions of the Pons. 

One-sided focal lesion can cause hemianfesthesia 
(fillet) and hemiplegia of the brachio-crural type 
(pyramidal tract) of the opposite side of the body. 

Further, paralysis of the raaeticatory muscles on the 
same side (motor trigeminus, peripheral neuron) may 
occur or when more posteriorly the muscles inner- 
vated by the facial nerve of the same side (peripheral 
neuron) may be affected, thus constituting hemi- 



Therefore anesthesia in the trigeminal distribu- 
tion of the same side, disturbance of the sense of 
taste, articulatory speech disturbance (defective letter 
formation) may result from involvement of the facial- 
hypoglossal fibres. 

As irritative symptoms there may be vertigo, 
ataxia, and trismus. 

When the focus is double-sided there will be cor- 
responding symptoms. 

9. Lesions of the Medulla. 
When the lesion is one-sided there may result 
hemiplegia of the brachio-crural type and hemiaoBes- 
thesia of the other side of tlie body. If the internal 
arcuate fibres in the posterior segment of the medulla 
are involved tliere maybe also hemiantestheeia of the 
same side, by involvement of the crossed fillet fibres. 
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Aside Crom these there may be paralysis of the 
hypoglossal of the same side (peripheral neuron, 
hemiplegia altemanis), the tongue when protruded 
deviating toward tlie side where the focus is situ- 
ated. The involved half of the musculature of the 
tongue undergoes degeneration. 

Consequentially to this there is articulatory speech 
disturhance, bulbar speech (without the existence of 
central speech disturhance) which is known as dye- 
arthria lahio-lingualis. 

Furthermore, there may result par^ysia of swal- 
lowing, disturbances of respiration, aphonia (paraly- 
sis of the vocal cords), and disturbances of tlie circu- 
lation, especially if the foci are bilateral. Destruction 
of the inferior olive is followed by difficulty of equi- 
libration. 

10. Lesions of the Cerebellum. 

The symptoms are often very dubious and unclear. 

Disease of the vermis is followed by disturbance of 
equilibrium, attacks of vertigo, cerebellar gait (reel- 
ing gait), vomiting, etc. 

Lesion of the processus cerebelli ad pontem ia also 
followed by failure to maintain equilibrium, by ver- 
tigo, compulsory movements such as turning on the 
long axis, etc. 

Lesions of the hemispheres may occur without 
symptoms. 

11. Focal Diseases op the Base of the Bbain. 

These are characterized especially by the simul- 
taneous development of paralytic symptoms in sev- 



eral of the basal cranial nerves on the ( 
sponding to tim leeiou, or on both sides, such as the 
motor ocuti, the abducens, facial, trigeminus, hypo- 
glossal, etc. 

At the same time the pes peduaculi cerebri, the 
tractus opticus, and the chiasm may also be in- 
volved. 

The symptoms will therefore be very variable and 
are easy to reconstruct. See further uoder periph- 
eral nerves of this aeotion. Most frequently the 
nerves that are simultaneoualy involved are the sec- 
ond and third, the sixth and seventh, and the tenth, 
twelfth, eleventh (anterior, middle, and posterior 
fossa of skull). 

1*0 recapitulate briefly : the typical brain paralysis 
is spastic hemiplegia and hemiaiisBiithesia of the op- 
posite side). 

Cortical foci cause prepondevatingly monoplegias; 
capsular foci, hemiplegias pure and simple; foci in 
the corpora quadrigemina and in the cerebral pedun- 
cles cause hemiplegia with crossed motor-oculi paraly- 
sis (liemiplegia altemans superior). 

Foci in the pons: hemiplegia with crossed tri- 
gemiuo-facial paralysis (hemiplegia alternans media). 

Foci in the medulla: hemiplegia with crossed 
hypoglossal, etc., paralysis (hemiplegia alternans in- 
ferior) . 

All of these indicate unilateral lesion. 

As tlie projection fibres in the brain roots come 
closer and closer together, so it comes that the lower 
the lesion the greater the possibility for a unilateral 
lesion to produce douhle-sided symptoms; the truth 
of this is more striliing for foci in the spinal cord. 
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B- FOCAL SYMPTOMS OF THE SPINAL CORD. 

In contrast to the typical cerebral palsy, heini[d 
gia, the typical palsy of spinal origin is paraplegiJ 
■i.e., paralysis not only of one extremity but of 1 
simultaneously. 

This results because of the fact that the motoric 
pathways for both sides of the body pass in tfaa^ 
course close to one another and it becomes easy fg^ 
one focus to involve both, i 

Nevertheless there occur balf-sided spinal-cord ia^ 
juries, from stab wounds, tumor formation, etc., axti 
these have, to differentiate them from the ordiuaij 
spinal-cord disease, a different but very typical syi^ 
tom complex known as Brown -Sequard's paralysis, i 

As the result of a unilateral spinal-cord lesion then 
develops a paralysis of the extremity of the same aids 
varying according to the seat of the lesion, while tin 
sensory, disturbances are on the opposite half of th*.'' 
body ; this because of the fact that the motor fibres 
in the spinal cord are in a great measure decussated 
(crossed pyramidal tract), but the central sensory 
pathway in a great measure is not {an tero- lateral 
bundles, anterior commissure, etc.). Aside from 
these there results a small auEesthetic zone at the le^^d. 
of the lesion and on the same aide, the result of in juijrt 
to the uncrossed peripheral sensory neurons of tb^ 
side, and likewise occasionally a small girdle-shaped i 
area of hyperEBsthesia which must be looked upon as 
a sjTnptom of irritation. Fretjuently this symptom 
of unilateral lesion of the spinal cord is not of suqI 
constant occurrence as the alxive mentioned. 



t of SUQh_ 

J 



We shaJl consider now the more prominent and 
1 focal lesions. 



a. Lesions of the Cervical Coi'd. 

These cauae, when the entire cross section of the 
cord is involved, a complete paralysis of both arras 
and legs, universal paraplegia in coimection with 
complete anjBsthesia of the trunk and extremities. 
The paralysis of the legs is spastic in nature, the re- 
sult of involvement of the central neuron ; while, on the 
other hand, the paralysis of the arms, if the seat of the 
lesiou be from the fifth cervical to the first dorsal, is 
of a flaccid nature, due to the involvement of the 
peripheral neuron of the anterior horn. Those mus- 
cles of the upper extremities whose cell nuclei in the 
anterior horns are destroyed undergo degenerative 
atrophy. The reflexes of the upper extremities are 
lost, owing to interruption of the reflex arc, while 
those of the lower extremities, on the other hand, are 
increased, due to the loss of the central inhibiting 
fibres. 

Sensibility is destroyed on both sides as far up as 
the level of the entrance of the posterior roots above 
the diseased segment. 

Aside from these there is disturbance of the blad- 
der and of the rectum, incontinence of urine and 
feces, the result of interruption of the central con- 
ducting pathways. 

The intensity of the symptoms varies according to 
the extent of the lesion. 

The flaccid paralysis of the upper extremities in- 
volves difft.Tent or all the groups of muscles, depend- 
ing upon the seat of the fociis of disease. This is 
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illustrated by text figure 6, Section III., p. 48. 
most importaDt segments of the cervical cord 
become involved are ; 

a. Fourlb segment r paralysis of the diaphragm. ! 

S. Fifth and aixth segments: paralysis of 
upper-arm type, deltoid, biceps, brachialis anticus, 
supinator longus, and eventually paralysis of the 
shoulder muscles. 

r- Seventh and eighth segments: paralysis of ti^«^ 
lower-arm tj'pe, the muscles supplied by the ulnan 
and the triceps. I 

<)■ Eighth cervical and first dorsal segments : pan 
alysis of the small muscles of the band and eveoiJ 
tualiy oculo-pupillary symptoms {see under C, 1). 

In all these muscles degenerative atrophy ta^ea 
place. 

6. Lesions of the Dorsal Cord. 

In these lesions the upper extremities are not af- 
fected except when the first dorsal segment is the 
seat of disease, the small muscles of the hand are ic^ 
volved. T 

There is a spastic paralysis of the lower extreme 
ties, the reflexes are increased (patellar clonus, ankle 
phenomenon); from the level of the body downward 
from the place where sensory fibres enter above the 
focus of disease there is complete anEesthesia, analga;^ 
si a, tber mo- tactile ansesthesia, diminished muadlM 
.bility, etc. ^ 

In addition there is paralysis of the bladder and 
rectum. Those muscles of the trunk which are cut 
off from their spinal-cord innervation by the fociw 
of disease undergo a degenerative atrophy ; just whi 



just wha^ 
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muscles it is difficult to demoiiBtrate (intercostal, 
lumbar, dorsal, abdominal muscles, etc. See under 
electro -diagnoHis, p. 1]6). When such paraplegia Ib 
of long standing the tendon reflexes may become 
very much limited owing to secondary contractures 
in the extremities (?). 

c. Lesions of the Lumbar Cord. 

These cause disturbance of mobility and sensibility 
of the lower extremities only. 

This consists of a flaccid paralysis (involvement of 
the peripheral neuron) with complete ansesthesia. 

The muscles of the legs undergo a degenerative 
atrophy, the reflexes are lost. 

There is total paralysis of the functions of the 
bladder and rectum (preservation of the sphincter 
reflex, see page Vd'6). 

If the focus of disease is in the upper lumbar cord 
there will be degeneration of the muscles supplied by 
the crural nerve, the quadriceps and psoas, as well as 
of those supplied by the sciatic, the gluteal, pero- 
neal, and calf muscles. For further elucidation of 
these muscle paralyses see text figure 6, p. 48. 

d. Lesions of the Sacral Cord. 
With these lesions the thighs remain intact, while 
some of the email foot muscles become paralyzed 
and atrophied. There is anesthesia of the outside 
of the feet and of the toes, and likewise of the anal 
region. There is complete paralysis of the functioos 
of the bladder and the rectum owing to loss of the 
sphincter reflexes. The patellar reflex is preserved, 
the focus being too low down to involve the reflex arc. 
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e. Lesion of the Cauda Equina. 

The symptoms are, in short, those of involvements 
the lumhar-Bacral cord, as the cauda is really a colleo- 
tion of nerve fibres that spring from this part of tl 
cord, having merely a lower location. If the uppt 
fibres that pass to the thigh are spared, there will l 
essentially a sciatic paralysis, that is, flaccid paralysii 
of the leg and peroneal muscles, also of the flexors o 
the thigh and eventually of the gluteal muscles and 
of the small muscles of the feet. In addition there 
will be disturbances of sensibility in the Etreas supi 
plied by the aacro -sciatic nerves. 

Total paralysis of the bladder and the rectum ( 
curs in many cases of disease of the cauda. Thfl 
patellar reflex is preserved, the Achilles tendon and 
sphincter reflexes being lost. 

If with this disease of the spinal cord the posterioK 
roots corresponding to the diseased segment are ior* 
volved, there will be in addition severe pain of a neu- 
ralgic character in the peripheral distribution of 1 
same, but this frequently bespeaks simply an involve- 
ment of some roots above the area of the focus. 
quently there appear reflexly produced involuntary 
muscular twitchings in the paralyzed extremity. 

C. SYMPTOMS IN LESION OF THE PERIPHEBALNKBVEa 

Lesion of the peripheral nerves ia followed by 
motor and sensory symptoms which bespeak exactly 
the extent of involvement by the lesion, and the roo- 
ognition of this is therefore indispensable for 
exact diagnoBls (see Plate 2'S). 



The paralysis reaulting from lesion of these struc- 
tures is a flaccid one; the muscles involved undergo 
atrophy of degeneration when the process is at all 
severg. The sensory disturbances that result are 
limited exactly to the distribution of the cutaneous 
nerves, and frequently there is excessive sensibility, 
painful in character, as well as abnormally acute sen- 
sibility-par^sthesia (formication, sticking, feeling of 
fur, burning, etc.). The reflexes are lost or dimin- 
ished if their tracts pass through the involved e 



I. Plexus Paralysis. 

The symptoms of plexus paralysis are a mixture of 
the paralytic phenomena of the nerves collectively 
involved. The consequences are that the symptoms 
vary a great deal ; nevertheless when the lesion is in 
certain locations they are sufficiently characteristic 
to be designated by special names. They are : 

a. Erb's type of brachial palsy. In this the in- 
volvement is of the fifth and sixth cervical roots, de- 
struction of which causes a paralysis and atrophy of 
the deltoid muscle, biceps, brachialis, supinator Ion- 
gus, supra- and infraspinatus. Thus results ina- 
bility to raise and abduct the arm and to flex the 
forearm. 

f). Inferior plexus paralysis of the brachial plexus 
results when the eighth cervical and first dorsal roots 
are the seat of disease. It causes a paralysis and 
atrophy of the small muscles of the hand and anaes- 
thesia in the distribution of the ulnar nerve. In ad- 
dition to these manifestations there may be oculo- 
motor pupillary symptoms (first dorsal segment), such 




as myoeis, nairofring of the palpebral fissure, w inlrin g 
in of the eyeball. The lower extremities are not 
involved, in contrast to the symptoms which re- 
ealt when the corresponding s^ments of the cord are 
diBeased, 

n. Lbsions of the Cranial Nbbves. 

The area to whidi the sensory manifestations of 
file different nerve trunks are limited is shown in 
text figures 10 to 12. 
In detail their lesions 
call forth the foUowang 
symptoms : 

1 . The olfactory 
nerve : anosmia on the 
corresponding side of 
the nose, also parosmia 
(disagreeable odors), 

2. The optic nerve: 
amaurosis of the oor- 
reaponding eye, of the 
entire visual field; 
eventually only lack of 
visual acuity; narrow- 
ing of the visual field; atrophy of the optic nerve 
(white atrophy); mydriasis; reflex pupillary slug- 
gishness; consensual limitation. This in contrast to 
the condition of hemianopsia and half-sided blind- 
ness which results when the optic tracts are diseased. 

Lesion of the chiasm causes bitemporal hemian- 
opsia, due to destruction of the inner retinal bundles 
which cross here. 

3. 7%e oculomotor nerve : ptosis, i)aralrsis of the 
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levator palpebree superioris, immobility of the eye in 
an inward and upward direction (internal, superior, 
and inferior recti, and the inferior oblique), crossed 
diplopia, fixation of the eyeball on ttiming it out- 
ward on account of contracture of the fixed rectus 
intemua ; immobile pupils, and mydriaaia the result 
of interference with accommodation and the sphinc- 
ter action through ciliary muscle paralyais. 

4. Trochlear nerve : diplopia when the eyes are 
turned downward (superior oblique musclti). 

5. Trigeminal nerve: 

a. Supraorbital branch : anteBtbesia of the skin of 
the forehead, of the conjunctiva, and back of the nose 
(.see Fig. 10, F,), 

b. Infraorbital branch: auBestbesia of the cheeks, 
of the alse of the nose, and of the gums, and distur- 
bance of the sense of taste (Fig. 10, FJ. 

c. Inframaxillary branch: anfesthesia of the skin 
of the face over the lower jaw, of the tongue, and the 
mucous membrane of the mouth (Fig. 10, F,) 
Also disturbance of the sense of taste (anterior seg- 
ment of the tongue), paralysis of the muscles of mas- 
tication, disturbance, in the secretion of saliva, tris- 
mus, i.e., cramp condition of the masticatory mus- 
cles, an irritation symptom. 

The irritation symptom of the sensory branch is 
neuralgia of the trigeminus, which may be of exten- 
sive distribution, depending upon the seat of the dis- 
ease. Trigeminal parsesthesia may also occur. 

6. Abducens nerve : limitation of the mobility of 
the eye externally, due to involvement of the external 
rectus ; deviation of the eyeball internally, and simul- 
taneous diplopia when the eyes are directed outward. 
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7. Facial nerve: paralysis of the mimetic ma 
clesof theface (upper and lower facial), of the moiit! 
the nose, the orbicularis ociili, and the forehead. Th 
face-wrinkles become obliterated, closing of the lidilt 
is impossible (lagophthalmos), inability to pucker-t 
mouth in whistling and to draw back the angle of th^ 
mouth in laughing. 

Paralysis of the bellies of the stylo-hyoid occun 
without symptoms. 

If the seat of the lesion is the nerve in its couiaq 
in the petrous portion of the temporal bone (Fai^ 
lopian canal), there may result impairment of thf 
chorda tympani from the second (or third [?]) branch 
of the trigeminus. Thus may arise disturbances a 
the sense of taste in the anterior portion of the tongu^ 

As irritation symptoms there may result spasm q 
these muscles, facial convulsion (tic convulsif). 
blepharospasm can also be produced in this wag 
either reflexly or by central involvement. 

8. Auditory nerve. 

a. Cochlear nerve : deafness, partesthesia. 
ft. Vestibular nerve: disturbance of equilibriun 

attacks of vertigo associated with severe ringing a 
splashing sensations in the ears, whistling noise^ 
and vomiting, thus constituting the symptom com- 
plex known as Meuiere's disease. 

9. Glossopharyngeal nerve : partial d^tructicm o^ 
the sense of taste in the posterior section of Hm 
tongue. Anaesthesia of the mouth and of the oeeopb- 
agus. 

10. Pneumogastric: 
a. Sensory branch (entirely vagus) : anaesthesia c 

the throat, larynx, ceBophagus, trachea, and brond^ 
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6. Motor branch (in part from spioal accessory) : 
paralysis of ewallowing, paralysis of the tesophagua, 
disturbance of the function of the stomach, heart, and 
respiration. Paralysis of the recurrent laryngeal, 
paralysis of the vocal cords, and when the lesion is 
double-sided there will be aphonia. 

11. Spinal accessory : 

a. Its vagus recurrent branch (inferit)r laryngeal) : 
palate and fauces paralysis. 

b. External branch : paralysis of the stemo-cleido- 
mastoid and in part of the trapezius. Inability to draw 
the head to the side and to shrug the shoulders. As 
irritation symptom there will be spasmodic torticollis. 

12, Hypoglossal nerve: paralysis of the tongue 
on one side, deviation of the tongue toward the para- 
lyzed side on efforts to protrude it, articulatory speech 
disturbance, defective formation of letters. 

m. Lesions of the Moke Important Spinal 

Nkrves. 

For details which cannot here be considered, the 
reader 13 referred to Plate 33 and the accompanying 
test. The distribution of BeoBory disturbance which 
is not mentioned can be seen in Figs. 11 and 12. 

1. Occipitalis major nerve: occipital neuralgia, 
aneesthesia (see Fig, 10, oma). 

2. Phrenic nerve; paralysis of the diaphragm and, 
as an irritation symptom, contraction of the dia- 
phragm manifested by singultus. 

3. Circumflex nerve: paralysis of the deltoid, in- 
ability to raise and abduct the arm, anaesthesia, see 
Fig. 11. 
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4. Posterior thoracic nerve; paralysis of the i 
ratiis, the shoulder stands out from the thorax, ina-l 
bilit>' to raise the arm from the side to a horizontal. 

5. Anterior thoracic nerve: paralysis of the peo-l 
toralis major, iDability to abduct the arm. 




6. Musculo-cutaneouB nerve ; paralysis of the biceps 
and internal half of brachialis anticus (flexors of the 
forearm) and ansesthesia over lateral cutaneous nerve, 
for the distribution of which see Fig. 11. 

7. Radial nerve [musculo-apiral nerve| : paralysis 
of the triceps (extensor of the forearm) and braohio- 
radialis, absence of the prominence of these muscles 
on flexion of the forearm. Paralysis of the extensors 
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of the hand and proximal phalanges of the fingers 
and the extensors and abductors of the thumb. For 
the resulting anaesthesia see Fig. 11, the posterior 
superior and inferior cutaneous branches. The bands 




and fingers hang in a paralyzed attitude and the grip 
of the band is very much weakened from paralysis of 
the antagonistic muscles. 

8, Median nerve: paralysis of the pronators in 
flexed position of the forearm, and of the flexor mus- 
cles of the hand and terminal phalanges of the fin- 
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gers and thumb on the radial side, that ii 
the flexor carpi ulnaris and the ulnar half of the flexor 
profundis digitorum. Paralysis of the antagonistic 
muscles of the thumb and of the estenaora of the end 
phalanges of the second, third, more rarely the fourth , 
fingers due to involvement of tha lumhricales. 

For the anEBSthesia see Fig. 11, median and toI^ 
median branches. 

9. Ulnar nerve: paralysis of the flexor carpi i 
naris and the half of the flexor profundus digitoru 
supplied by this nerve (end phalanges of the fourti 
and fifth fingers), fiexion of the proximal phalangec 
impossible, inability to extend the terminal phalange^ 
of tht^ fourth and fifth fingers and likewise inabilit;] 
to adduct Ihe thtunb and fiex its terminal phalanx. 

Through the unopposed contraction of the antagoi 
nistic muscles the so-called claw-hand results. Fa 
the anaesthesia see Fig. 11, superficial and posteriti 

In paralysis of the ulnar, median, and musoula 
spiral, there is great difficulty in writing, in { 
ing and holding an object, etc. In complete paralyi 
sis of only one nerve the hand is greatly handicappi 
in the performance of its function. 

10. Intercostal nerve : sensory irritative symptom^ 
intercostal neuralgia, herpes zoster intercostalis. 
Festfaesia. 

11. Crural nerve: paralysis of the psoas and quaA 
riceps femoris, inability to raise the thigh and extend 
the leg. Inability to walk, to rise from the sittini 
posture, absence of patellar refiex. For anssthesis 
see Fig. 12, cutaneus femoris, internal and medial 
and saphenus nerve. 
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13. Obturator nerve: paraly8i9 of the adductors of 
the thigh. (AnEesthesia, aee Fig. 13.) 

l.S. Sciatic nerve : complete paralysis of the feet and 
toes, as well as inability to flex the leg. AnsBsthesia 
(see Fig. 13) of peroneal nerve, sural, cutaneoua, and 
plantar nerves. Irritative syniptoms, neuralgia of 
the sciatic (sciatica) and its branches. 

14. Peroneal nerve : paralysis of the peroneal mus- 
cles, tibialis anticus, extensor longus digitorum and 
extensor hallucis ; dorsal flexion of the foot impossi- 
ble, foot drop, the outer border of the foot hangs 
lower than the inner. 

On account of contracture of the oppposing mus- 
cles (calf muscles) there develops pes equinus and 
eventually pes varus vrhen only the extensor digi- 
torum is involved. Ansesthesia of the peroneal (see 
Fig. 12). 

15. Tibial nerve : paralysis of the calf muscles, in- 
ability to perform plantar flexion and to flex the toes. 

Development of pes calcaneus, through contracture 
in the opposing muscles (peroneal and extensors). 
Anaasthesia, see Fig. 13. 

D. SYMPTOMS OF DISEASE OF THE SYMPATHETIC. 

Paralysis of the cervical portion causes myosis, 
narrowing of the aperture of the lids, retrocession of 
the eyeball (oculo-pupillary fibres from the first dor- 
sal segment), and anomalies of sweat secretion on 
the' same side of the body. As irritation symp- 
toms there may be dilatation of the pupil and disturt)- 
ances of circulation. 

From affection of the cardiac and splanchnic 
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branches there may arise disturbance of the heart, 

stomach, and glandular activitj-, but the actual symp- 
toms are not well known. It would appear that such 
disturbance is very largely motor, possibly somewhat 



Symptomatology of the System 
Diseases. 
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By the term system diseases we understand, I 
has been said above, such processes as involve syi 
metrically lying tracts or neurons which are func- 
tionally and anatomically connected, or (in the be- 
ginning) parts of neurons. Eventually the disease 
does not confine iteelf to a portion of a neuron (cell or 
fibre) but the entire neuron becomes the seat of dis- 
ease. The localization of the primary seat of the 
disease is frequently of great importance in pointing 
the clinical course. Concerning the direction in 
which this process extends and as to its point of 
origin there is yet a great deal of obscurity. 

1. System Diseases of the Cortico-Muacular* 

Tract: the Motorial Pathivay. 

a. Of the central neuron : purely spastic Bpiz 
paralysis. Cases of this kind are of rare > 
rence. Anatomically there is a slow, progressive da 
generation of the pyramidal tract in its entire cou] 
the starting-point being the pyramidal cells of thS" 
cortex (?). Clinically there is a slowly developing 
spastic paralysis of the extremities, with lively re- 
flexes, without muscle atrophy and without disturb 
anoee of sensibility or of the bladder. 
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b. Of the peripheral neuroD ; there results a flaccid 
paralysis of the muscles with degenerative muscle 
atrophy. The reflexes are lost. 

The primary aetit may be either in the neuron cell 
or in the neuron fibre. 

a. Primary diseases of the cell. These are divided 
according to the seat of the lesion into disease proc- 
esses which have very different symptoms. 

Chronic and acute ophthalmoplegia (seat of lesion, 
the nuclei for the eye muscles). 

Bulbar paralysis, acute and chronic (seat of lesion, 
the bulbar nuclei of the facial, tbe hypoglossal, and 
trigeminal nerves). 

Spinal muscular atrophy (seat of lesion, the gray 
anterior boms, especially of the cervical portion). 

Poliomyelitis anterior, acute and chronic. The 
inflammatory process is in the gray anterior borua 
and the ganglionic cells situated there are very soon 



jS. Primary disease of the fibre, neurotic muscular 
atrophy, peroneal type of progressive muscular 
atrophy (peroneal, ulnar, and median nerves). In- 
volvement of the ganglion cells cannot be entirely 
excluded. 

The motor form of multiple neuritis which may in- 
volve all the different motor nerves. 

r- Progressive muscular dystrophy. Tbe disease 
confines itself to the terminal portions of the neurons 
in the muscles. 

c. The entire tract: in this there is a degeneration 
of the pyramidal tract and the peripheral neuron, 
the ganglion cell, tbe outgoing fibre, and the periph- 
eral nerve, tbus oonstituting amyotrophic lateral 
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sclerosis (eventually bulbar paralysis). The clinical 
Rymptoms are those of a spastic paralysis of the ex- 
tremities with degenerative muscular atrophy. 

In all probability there exist between these various 

I forms others not yet clearly differentiated. 

S. The System Diseases of the Centripetal H 
Sensory Tract. ^ 

In this category isolated disease of tbe central tract 
is unknown. Nevertheless there occurs a striking 
degeneration of the peripheral neuron in tabes dor- 
salis, in which the neuron in its entire extent may 
be involved. Much more rare is disease of the 
central tract, although it may occur, such as degen- 
eration of the lateral cerebellar tract and the anterior 
ground bundles. The symptoms consist of painful 
sensitiveness, disturbance of sensibility and of co-or- 
dination, and loss of reflexes. To this division ] 
longs the sensory form of multiple neuritis. 
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S. The Combined System Diseases. 
They consist in simultaneous degeneration of 1 _ 
motor and sensory tracts. To this category belong?* 

a. Hereditary ataxia, Friedreich's tabes. In this 
disease the central motor neuron (pyramidal tract), in 
addition to the peripheral and central sensory neuron 
(posterior columns and direct cerebellar tracts), i 
involved. For symptomatology see special portion. I 

b. Combined tabes, genuine tabes with involTi 
ment of the lateral columns (disease of the pyramid! 
tract); and likewise other portions, e.g., the peripi 
eral motor neurons, may be diseased at the same t 
(motor oculi, abducens paralysis). 



c. A number of other processes, anatomically 
somewhat better understood than clinically, such as 
disease of the posterior tracts, the direct cerebellar 
tracts, the pyramidal tracts. 

Whether or not other (brain) tracts may be pri- 
marily 9j"stemically diseased is not yet known, 

4. GENERAL REMARKS CONCERNING THE MODE AND 
METHOD OF EXAMINATION, TOGETHER WITH A 

DIAGNOSTIC SURVEY. 

A, The examination follows the taking of the pa- 
tient's history. The latter is of the greatest impor- 
tance in leading to a diagnosis. 

Among others the most important points to be in- 
vestigated are : 

a. The heredity (family nervous diseases, parental 
consanguinity, psychoses, alcoholism, tuberculosis, 
syphilis) , 

b. The previous life of the patient. 

Method of life and habits, method of education and 
bringing up, temperament, alcohol, tobacco, mor- 
phia, excesses of any form. 

Occupation (strain, handwork, lead, arsenic). 

Previous disease, psychical and bodily trauma, the 
acute infectious diseases, tuberculosis, syphilis, etc. 

c. The present disease, its causation, origin, and 
course. 

B. The examination of the nervous system, properly 
speaking, consists under all circumstances of a care- 
ftd investigation of the general condition as well as 
an examination of tlie more important internal 
organs; the state of nutrition, the bodily strength, 
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the condition of the lungs, the heart; the abdominal 
functions and an examination of the pulse and urine. 
The patient Bhould he carefully observed for symp- 
toms of lues, tuberculosis, purulent foci, malignant 
tumors, disease of bone, diabetes, and for affectiona 
of the eye and ear. 

I. Examination op the Motor Sphebb 
involves (1) the external appearance of the muscles, 
atrophy, hypertrophy, muscular depressions, infor- 
mation of which can be obtained by inspection con- 
trasted with the normal contour of the body. In this 
way ia to be detected atrophy of the muscles of the 
hands, peroneal atrophy, facial paralysis, atrophy of 
the shoulder girdle, abnormal position of the extrem- 
ities, etc. 

Measurement of the atrophic extremity and com- 
parison with the normal side comes under Hub 



(2) The motorial irritative symptoms. Under this 
are to be reckoned musculai twitching, tremor of the 
extremities (in alcoholism, morphine habit, neuras-' 
thenia, Basedow's disease, etc.). Two forms of 
tremor are differentiated : a rapid, about twelve per 
second ; and a slow, about six oscillations per second. 

A special form of tremor is that of paralysis agi- 
tans and the intention tremor of multiple sclerosis, 
which, however, should be looked upon more as a 
disturbance of co-ordination than a tremor. Nystag- 
mus of the eye muscles belongs in this category. 

Contractions (spasms) of individual muscles or 
muscle groups, occur as tonic (continuous) or elonio 
(interrupted) form. Tetanus is a tonic spasm of the 
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muscles of the body. Contractures are permanent 
tonic spasm conditions, while convulsions are exter- 
nal convulsive manifestations generally of a clonic 
but also of a tonic form. Epileptiform sfiasms are 
periodically occurring convulsions and so likewise are 
hysterical spasms. Choreic movements are involun- 
tary uncontrollable movements, not of a brusque order 
like true spasms, which occur even when the patient 
is quiet; athetoid movementa are more or less 
rhythmical and purposive movements, generally of 
the fingers or toes. This latter condition occurs 
after localized disease of the cortex, apoplexies, etc., 
and also spontaneously. 

Fibrillary muscullar twitchings have been con- 
sidered above. 

(:j) The examination of motor conductivity (mo- 
torial strength). This is important for all the more 
important muscles. To measure the strength we 
may use the dynamometer, but in most instances it 
is to be estimated by comparison with the other hand, 
or with the grip of one's own hand. 

The eye muscles are tested by examining seriatim 
the function of the different muscles in the order of 
their nerve supply (Plate 23 and the accompanying 
text). Active and (for the extremities) passive mo- 
bilitj' are to be considered after the size and strength 
of the parts have been examined. The condition of 
the joints should be carefully observed. 

Very important likewise is the gait, whether it is 
paretic, slow, due to weakness of the muscles; spas- 
tic, stiff, the result of muscular stiffness; ataxic, 
unsteady, due to disturbed co-ordination; hemiplegic 
with one leg dragging, abducted, slightly contracted, 
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the result of central paralysis, or peroneal with " drop 
toe," the result of paralysis of the peroneal muscles. 

(4) The examination for the power of co-opdina- 
tion. 

This is done by testing for some more or less com- 
plicated action, such as placing the finger on the tip 
of the nose, etc., for the arms, and by requesting the 
patient to place the heel of one foot on the opposite 
knee to test the legs. Disturbance in the certainty 
of purposive movements is called ataxia, and it occurs 
in multiple sclerosis, tabes, hereditary ataxia, multi- 
ple neuritis, etc. Static co-ordination is tested for 
by asking the jwitient to stand with the feet together 
when the eyes are closed. If swaying results, the 
symptom is known as Romberg's phenomenon. 
Cerebellar ataxia, a tumbling gait like that seen in a 
drunken person, is easily recognized. 

(5) Examination for the electrical conditions of the 
muscles (electro-diagnosis). 

Electricity is a diagnostic aid of the first rank. 

One uses for the electrical examination the gal- 
vanic, primary, constant current and the faradic, in- 
duced, secondary, interrupted current. The galveiuic 
is the more important. 

a. The Galvanic Examination. 
The necessary apparatus consists of 
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with the addition of neutral sulphate of mercury to 
offset tbe used-up zinc amalgam. 

From the chemical process going on in tbe elements 
(salt formation) there occurs at both poles (the zinc 
pole, oxygen pole, negative; and the carbon or tbe 
positive, hydrogen pole) a difference of electrical ten- 
sion, for the equalizing of which a wire connection 



The current flows from the positive pole (anode) 
to tbe negative pole (cathode), that is, from tbe car- 
bon to the zinc {mneinonically C before Z). The 
electi'omotive force depends, independent of the re- 
sistance of the elements — that is, the internal resist- 
ance — upon the resistance which the external current 
has to overcome. The dry human skin forms, if it be 
interposed in the circuit, at first a very bigb resist- 
ance, which, however, diminiabes as tbe current con- 
tinues to pass until it finally remains constant. 

The intensity of the current is measured by the 
galvanometer. It is expressed on the absolute gal- 
vanometer in milliamperes (MA), an arbitrarily 
chosen, now universally used unit of measure. 

The intensity of the current can be graduated by 
means of the rheostat, that ia, by the interposition of 
resistance coils. 

At every excitation with the galvanic current the 
healthy muscle reacts by contracting with the closure 
of the current as well as with tbe opening. These 
contractions are characterized by their quick begin- 
ning and lightning-like rapidity. On application 
and increase of tbe current contractions occur in the 
following series (formula of contraction) : Cathodal 
olcfiure (KaC!C) first, then with a stronger current 
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they occur with aoodal closure (AnCC) ; then follows 
a contraction with the anodal opening AdOC, and 
last with a stronger current a contraction with catho- 
dal opening, KOC. 

If the current be made stronger there develops a 
tetanic contraction, KCTe before AnCTe. 

The response of degenerative muscles is quite dif- 
ferent. In these the contractions are not quick and 
lightning-like, but slow, indifferent, vermiform, 
wave-like which may be followed by the eya. At 
the same time AnCC occurs before KaCC 

This perverted response is known aa the reaction 
of degeneration. 

As degenerative muscular atrophy follows lesion of 
the peripheral motor neuron alone, we have in the 
presence of reaction of degeneration a diagnostic fac- 
tor of paramount importance in differentiating disease 
of the central from disease of the peripheral motor 
neurons. Reaction of degeneration is present if the 
cell or the fibre of the peripheral motor neuron ia 
diseased, and is not present if they are not the seat 
of disease. 

A complete and partial reaction of degeneration is 
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In complete reaction of degeneration it is impossi- 
ble to cause contraction of the muscle by irritating its 
motor nerve (indirect irritation). Possibility to ex- 
cite the muscle directly {direct invitation) is the next 
to be lost in reaction of degeneration. If the degen- 
erative atrophy has gone on to a marked degree and 
the muscle has been transformed into a mass of con- 
nective tissue, direct irritability of the muscles will 
be lost; if muscular tissue eventually returns, the re- 
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action of degeneration disappears and the contrac- 
tions become normal and the muscle becomes irrita- 
ble both through the nerve and directly. 

Partial reaction of degeneration is said to exist 
when excitation of the muscle through the nerve is 
not lost but direct irritability is gone. This condi- 
tion is the result of a very much leas severe injury 
than complete reaction of degeneration. 

We have, therefore, in the galvanic examination not 
only the means of determining the locality of the 
disturbance (peripheral neuron) but of the severity 
of the disease process as well — that is, the prognosis. 

If in a few days after the development of a lesion 
of the peripheral neuron which is accompanied by 
muscular paralysis there does not develop reaction of 
degeneration, it may be assumed that we are dealing 
with a mild form of the disease which will disappear 
in a comparatively short time. If partial reaction of 
degeneration develops it is safe to say that the dura- 
tion of the paralysis will be from weeks to months; 
while if complete reaction of degeneration develops 
several months will elapse (four to nine) before re- 
covery begins to show itself, and it must be said that 
it may never set in; that is, the paralysis may re- 
main. 

In all nuclear lesions of the peripheral neurons 
(spinal muscular atrophy, poliomyelitis anterior, 
amyotrophic lateral sclerosis, myelitis) as well as all 
severe defects or lesions of the anterior motor roots 
and the peripheral nerves (neuritis, compression, 
trauma, etc.), reaction of degeneration is accompanied 
by fibrillary twitchings and atrophy. 

With these qualitative chauges there may develop 
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quantitative diminution or increase of muecular irri- 
tability, but quantitative cbangea have not the 
pathognomonic significance that quaHtative Lave. 

Before epeakmg of these changes we wish first to 
refer briefly to 

6. The Faradic Examination. 



^m qi 

^^M ts 

I 

^^H The cuBtomary faradic (induction) apparatus ccm- 

r siats, in addition to the necessary primary current 

which is produced by a galvanic element (generally 
a modified Eunsen or Leclanche cell), of a Du Bois- 
Kejinond sliding inductorium, i.e., a sliding roll of 
wire, an induction coil. The primary current passes 
I through the primary coil and excites by induction in 

I the secondary coil which is wound about the primary, 

a current which runs in the opposite direction. 

Since it is a fact that by an interposed interrupter, 
for instance a Wagner's hammer, the primary cur- 
rent is continually interrupted and its direction re- 
versed (electro -magnetic action), then secondary cur- 
rents are induced in the induction coil in the reversed 
direction {also alternating), the action of which is 
strengthened or weakened according as the secondary 
coil approaches or recedes from the primary. The 
intensity of the current may be read off in centi- 
metres from the scale attached to the sliding coil. 
The greater the distance in centimetres the weaker 
the current. 

With the changes in qualitative reaction to the 
galvanic current which constitutes reaction of de- 
generation, faradic irritability is always found to be 
lost. This is shown as well when the current is ap- 
plied to the nerves as wlien applied directly to the 
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muscleB. When irritability returns, the rsaponse to 
tbe galvanic current precedes that for the faradic. 
In reference to the relative quantitative irritability it 
is necessary to bear in mind that different nerves and 
muscles require very different currents to produce a 
contraction, according to the position and make-up 
uf the different structures. Therefore in order to be 
able to demonstrate quantitative pathological changes 
one must be familiar with the normal averages. 
These are determined for the different nerves and 
muscles at certain points, the motor points. Only 
electrodes of certain size should be used, the normal 
electrode being 3 sq. cm. The most important points 
for nerve trunks and muscles are to be seen io Figs. 
10 to 12, p. 102 et seg. The most important averages 
for the normal galvanic irritability in MA. and the 
faradic in cm. on the scale attached to the sliding coil 
are, for the nerves (muscle averages are of less im- 
portance), the following, taken from Stintzing. 



Facial nerve 1.75 181 

Frontal branch 1.4B 128 

Mental branch 0.85 133 

AcceSBory nerve 0.27 IBf 

Median nerve (in arm) 0.9 183 

Ulnar nerve 0.5B 130 

Muaculo-spiral nerve 1.8 105 

Crural nerve 1.05 111 

Peroneal nerve 1. 1 110 

A pathological increase of galvanic irritability ie 
found especially with reaction of degeneration ; and 
likewise apart from reaction of degeneration in some 
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diseases, such as tetany, myelitis, etc. (also excessive 
faradic irritability). There ia decrease of electrical 
irritability of all kinds in simple atrophy (central 
paralysis) . 

Pathologically increased resistance to the conduc- 
tion of the electrical current is found in Basedow's 
disease and in conditions where there is diminished 
moisture of the skin. 

II. Examination of the Sbnsort Sphere. 

1. Investigation of subjective complaints made by 
the patient such as sensitiveness to pain, its localiza- 
tion and kind, and likewise of abnormal sensations or 
parseathesias, such as burning, feeling of fur, formi- 
cation, conditions which are found with neuralgia, 
neuritis, tabes, and myelitis, 

3. Objective examination to teat the preservation 
of the diflferent qualities of cutaneous sensibility. 

a. Tactile sense is tested at the same time as the 
sense of pressure. 

In making these tests one requests the patient to 
differentiate between the hand and the point of a pin, 
to differentiate between a bit of cotton wool and the 
end of the finger, and the moment contact is felt to 
say "now." As a control one should make false 
touches and observe if the patient answers. Par- 
ticular care should be taken not to exhaust the patient 
by such examinations. Frequent repetition of this 
examination at different times is absolutely essential 
in order that safe conclusions may be drawn. When 
it is possible the sensitiveness of the disordered side 
should be compared with the healthy side and the 
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entire cutaneouB region should be examined. Like- 
wise cutaneous sensitiveness to the faradic current 
should be investigated. There may be ansesthesia, 
entire loss of the sense of touch (in total interruption 
of conductivity especially by focal diseases, see this 
Section, 3, and also in hysteria); hypsesthesia, a par- 
tial loss of tactile sense caused by partial interruption 
of conductivity such as in neuritis, tabee, etc. ; and 
hypersesthosia, a pathological increase of seneitivenesB 
(see under Sensitiveness to pain). The extent of an 
anaesthetic area can be made out with exactness ; it, 
corresponds to the distribution of one or more periph- 
eral sensory nerves. It signifies lesion of a periph- ' 
eral nerve and its ramifications (see Figs. 10, 11, 
and 12). 

b. Localization of Sensations (tactile sensibility). 
This is tested simultaneously with the sense of touch. 
The patient should tell the localiaation o£ a touch 
when the eyes are closed. 

The ability to recognize two points as such is tested 
by a pair of calipers. The following table, taken 
from Weber, indicates the shortest distances and the 
parte of the body on which two points can be recog- 
nized. ' 



Milli- 
metrea. 

Tip of the tongue 1 

Mucous membraneB of lipa 4 

Tip of the uoBe 6.5 

Skin of cheek 11 

Forehead 80 

Skin of chest 44 

Middle of back 66 

Buttooki 8& 



Upper arm 6S 

Forearm 89 

„ , ( volar side 11 

Finger tipe 2 

Thigh 66 

Leg 89 

Tip of toes 11 
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The less the distance Id which two points can be 
recognized tiie greater is the sensibility in that part. 

In polysesthesia simple contact will produce multi- 
form sensations (tabes). 

c. Pain Sensibility. 

This is tested by needle pricka of varying severity 
on the individual parts of the body. [Simple pinch- 
ing of the akin and deeper tieauea between the ends 
of the fingers is often more serviceable than needle 
pricks.] A measurable test for pain we have in 
cutaneous faradization, the current being increased 
until it produces painful sensations, then the amount 
is read off on the scale. This is only necessary for 
the more refined clinical examinations. 

Sense of pain may be diminished (hypalgesia) or it 
may be entirely lost (analgesia). 

Analgesia is associated with ansstheaia to touch in 
hysteria, tabes, neuritis, focal diseases, and without 
anjBsthesia in syringomyelia. 

Delayed sensibility to pain, that is, recognized only 
when there is a summation of stimulation [long con- 
tinuation] is often present in tabes, myelitis, neuri- 
tis. In testing for this it will be noticed that the 
patient will first indicate the time of contact and 
some time afterward the time of the painful sensation, 
e.g., "now ugh." 

Abnormal continuance of pain sensations (linger- 
ing) is also sometimes found in tabes and in neuritis. 

Hyperalgesia, abnormal sensitiveness to contact 
and to beat and cold, is present in focal diseases as a 
symptom of irritation, in hysteria, neurasthenia, in 
unilateral lesions, and in neuritis. 
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d. Temperature Sensibility. 

Testing for sensibility to heat and cold should be 
done with test tubes, one filled with ■warm (not hot) 
the other with ice water. 

Sensibility to heat and cold may be diminished or 
increased. There may be thermo-anffisthesia for both 
or only for one in focal diseases, tabes, syringo- 
myelia, mj'elitis, neuritis. The two sensations may 
be transposed, cold for warm and vice versa, i.e., 
perverse temperature sensibility sometimes seen in 
tabes, myelitis, and neuritis. 

3. 8EN8IBIUTT OP THE DEEPER PARTS. 

a. SeDsibility to weight is tested by placing ob- 
jects of different weight on different parts of the 
body, such as the hands, and comparing the impres- 
sion that it makes on the patient with the normal side 
or with a normal individual. 

6. Sensibility to passive motion is tested by perform- 
ing some small excursive movements on the patient. 
With closed eyes he is requested to state the flexion, 
extension, raising, and lateral bending of the various 
joints. 

c. Sense of position is tested by requesting the pa- 
tient to put the hand, the arm, the leg, etc., in a 
position corresponding to its fellow when the eyes 
are closed. 

Disturbance of these and other sensations more 
diiScult to test, such as the articular sense, muscular 
sense, etc., are classified together under the caption 
of disturbance of the " muscle sense." They are to be 
sought for in hysteria, tahes, hereditary ataxia, neu- 
ritis, and in focal diseases. 
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4. THE HIGHER SENSIBIIJT7. 
a. The Sense of Sight. 
Each eye and its homologous half of the retina is 
to be carefully examined. 

The exact determination of visual acuity and of the 
visual field by the perimeter is often necessary (see 
text- books on diseases of the eye). 

Casual orieutation of the state of the visual 6eld 
can be obtained by placing the fingers or a small bit 
of white paper beyond the visual field and then grad- 
ually bringing them into it, vision being directed to 
a point straight ahead. If, for instance, on the left 
side (of the patient) the finger is not seen until it ap- 
proaches the middle, while on the right side it is 
recognized at a considerable distance outward, one 
may be sure that the patient h^ left-sided hemian- 
opsia, bilateral and homonymous— an affection of 
either the optic tract of the right side, or of the pri- 
mary optic centres, the optic radiation of the occipi- 
tal lobes of the right side. 

In a similar way one is able to recognize concen- 
tric limitation of the field of vision or central defect in 
the visual field, scotomata. Loss of vision in the 
temporal fields, hemianopsia, points to afifection of 
the chiasm. 

If the optic nerve is affected, there will exist a 
more or leas severe amblyopia, eventually amaurosia 
of the affected eye. Diplopia points to affection of 
the muscular apparatus of the eye. 

It is indispensable in many uervous diseases to 
make a careful ophthalmoscopic examination. In this 
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way most important iDformation, such as choked 
discs (a prominent forward projection of the papillge 
with ill-defined border) may be obtained. Choked 
disc arises sequentially lo impediment to the return 
lymph circulation in the sheath of the optic nerve, 
and by increase of the intracranial pressure, as from 1 
tumor. Similar optic neuritis with slighter exuda- 
tion accompanies multiple neuritis, brain syphilis, 
meningitis, etc. This may eventuate in atrophy of 
the optic nerve, an atrophy which is manifest by a 
white or pale papilla and a sharply defined border. 

Optic atrophy may develop primarily with tabes, 
multiple sclerosis, and dementia paralytica. 

6. Sense of Hearing. 

Each ear should be tested separately with the 
watch, with tbe voice at a whisper, and with sounds 
at greater distance. 

In order to determine if the diEBcuIty of hearing is 
dependent upon labyrinthine affection or affection of 
the bone conductivity to the middle ear tbe tuning- 
fork is made use of. If, when there is difficulty of 
hearing, a vibrating tuning-foi-k is placed against the 
skull and the sound is not heard, i.e., through bone 
conductivity, 

(a) more acutely than if held before the ear, this 
constitutes a positive Rinn^, a condition which be- 
speaks disease of the labyrinth (meningitis, disease 
of the auditory nerve) ; 

(h) Or if it is not heard here, negative Rinn6, then 
it indicates disease of the middle ear. 

Bone conductivity is entirely lost in nervous dis- 
turbance of a severe degree. 
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Under auditory parjesthesia may be reckoned 
sowsing and ringing in the ears, which accompany 
otitis, Meniere's disease, anaemia, etc. Auditory 
hypersBsthesia occurs in hysteria, bemicrania, etc 

c. The Senite of Smell. 
Bach side of the nose should be tested by placing 
before it some odoriferous substance, but which does 
not, like ammonia, irritate the terminal ramificatioDB 
of the trigeminus. For this purpose oil of pepper- 
mint, oil of cloves, or asaf(etida raaj' be used. 
of the sense of smell, anosmia, occurs, aside from 
disease of the nasal mucous membrane, in peripheral 
lesions, such as tumors, injury to the anterior f( 
of the skull, atrophy of the olfactory nerve, with oeit- 
tral disturbances, and also with hysteria. 

d. Sense of Taste. 
Each side of the tongue should be tested in its au' 
teri or two -thirds (trigfminal), and its posterior third 
( ^losso- pharyngeal) . These should be tested sepa- 
rately by applying a bit of salt solution, sugar, vine- 
gar, and quinine; thus testing for the salt taste, tha 
Bweet, the sour, and the bitter. Loss of the sense of 
taste (ageusia) accompanies peripheral nerve lesions, 
lesion of the facial nerve in the temporal bone, lesion 
of the trigeminal, and hysteria, but it is seldom found 
with disease of central origin. 

III. Investigation of the Reflexes. 

The reflexes may be increased, diminished, or loBt> 
Increase of the rellexes may be brought about b^ 
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a withholding of the normal inhibitory impulses 
through the cerebral pathways (aa in fatigue, neu- 
rasthenia, disease of the inhibitory jtathways) or by 
abnormal irritability within the reflex arc (neuritis, 
meningitis, tetanus). 

Diminution and loss of a reflex may result from 
interruption of some portion of the reflex arc (the 
sensory or the motor portion, or the communicating 
portions of the reflex collaterals). The reflexes are 
lost in deep coma and in intoxication. When the 
tendon reflexes are greatly increased there occur on 
continual irritation reflex contractions or twitchings 
following rapidly one on the other, thus constituting 
a patellar clonus, ankle clonus, or the so-called foot 
phenomenon. 

The most important reflexes to examine are: 

1. The skin reflex and the reflex of mucous mem- 
branes. 

The skin reflex of the sole of the foot and the 
points of the fingers are tested by means of needle 
pricks, by cold and warm, and by tickling. Their 
pathways are very little known ; their sensory branch 
must be in extensive connection through collaterals 
and reflex neurons with the entire motor sphere. 

One-sided foci which produce interruption of the 
pyramidal tract cause increase of the tendon reflexes, 
while the skin reflexes are frequently lost. 

The creniaster reflex, contraction of the cremaster 
muscle, brought about by irritation of the skin on the 
inner surface of the thigh, and 

The abdominal reflex, contraction of abdominal 
muscles atdififerent heights, upper and lower abdom- 
inal reflexes, caused by stroking the skin of the abdo- 
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men, are of comparatively slight diagnostic signifi- 
cance. Both of these reflexes appear to be lost with 
focal areas of disease in the hrain, on the side oppo- 
site to the lesion, and on both sides in multiple sde- 
rosis. 

The conjunctival reflex, which causes closure of the 
HcIb on irritation of the conjunctiva, is lost in paraly- 
sis of the fifth and seventh nerves. 

The winking reflex, which causes closure of the lid 
when anything is suddenly brought before the eyes, 
is lost in lesions of the optic nerve and paralysis of 
the seventh. The pharyngeal reflex, brought about 
by irritation of the mucous membrane by a small 
brush or a bit of cotton, and which causes a choking 
movement, is lost in paralysis of the vagus and ae- 
cessorius. The palate reflex causes a contraction and 
elevation of the palate. 

3. The periosteal and tendon reflexes. 

(o) The patellar tendon reflex is the most impor- 
tant. [Tendon reflex is a glaring misnomer. The 
reflex effect is not in the tendon but in the muscle. 
The expressive terms, knee jerk, ankle jerk, etc., are 
to be preferred.] Tapping of the patellar tendon is 
followed by a contraction in the quadriceps extensor, 
which causes the foot and leg to rise quickly into the 
air. The vigor and intensity of this contraction may 
be increased by what is called reinforcing the reflex 
(Jendrassik's method). In order to do this the at- 
tention of the patient is occupied by asking him to 
pull the clenched bands at the moment when the ten- 
don is struck, or to squeeze the closed ej'elids tightly 
together at that time, etc. The patellar reflexes aie 
beet tested by having the patient sit on a moderate^ 
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low seat, the feet squarely on the floor and the legs 
slightly forwarci, forming a very obtuse angle with 
the thighs. 

This reflex differs physiologically in different in- 
dividuals. Increase of the reflei is the rule in neu- 
rasthenia, in lesions of the central motor neurons 
(reflex inhibitory fibres in the lateral pyramidal 
tracts), in any condition which causes irritation of 
the reflex arc, as meningitis, tetanus, neuritis, and 
in exhausting diseases. 

Loss of the reflexes occurs whenever the reflex arc 
is interrputed as in tabes, neuritis (crural), anterior 
poliomyelitis, lumbar myelitis, in coma, epileptic 
attacks, after recent spinal-cord injuries (irritative 
symptom of the inhibitory fibres?). 

{b) Similar conditions prevent the occurrence of 
the Achilles reflex, a phenomenon which consists in 
a conti'action of the calf muscles on tapping of the 
Achilles tendon. Exaggeration of this constitutes 
foot [ankle] clonus, the foot phenomenon which is 
produced by forcible and sharp dorsal flexion of the 
foot. 

Of the periosteal and tendon reflexes of the arm, 
the following are the most important: 

The radial and ulnar periosteal reflex, a contraction 
following tapping of the styloid process of the radius 
or the ulna ; the triceps tendon reflex, produced by a 
smart blow on its tendon just above the olecranon 
process. 

Aside from these the masseter reflex deserves in- 
vestigation. This is produced by tapping the chin 
when the mouth is partly opened, the result is a 
quick, partial, or complete closure of the mouth. 
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The clinical significance of the reflexes coneidered 
under this caption is not very great; the patho- 
logical changes which they attend being practically 
those mentioned above, 

3. The pupillary reflexea. 

The following subdivision is made. 

1. Light reEiction ; narrowing of the pupil of the 
same eye, by contraction of the sphincter on exposure 
to light (irritation of the optic nerve). 

2. Consensual light reaction, contraction in one eye 
when the other ia exposed to light. 

3. Heaction to accommodation, narrowing of the 
pupils on accommodating for near objects, essentially 
an associative movement. 

4. Convergence reaction, of very slight clinical 
significance. 

The light reaction ia tested separately for each eye 
(to eliminate consensual reaction) and in cases of 
hemianopsia likewise the impressionable halves of 
the retina. This is best done by means of reflected 
light, ordinarily enough shade is given by the hands; 
then to get the reflex of the one eye, the hand cover- 
ing is taken away quickly. 

Before the teat is made one should observe care- 
fully any abnormal dilatation or contraction of the 
pupils. 

Enlargement of the pupils, mydrisias, occurs with 
atropine and cocaine poisoning, in blindness, coma, 
during an epileptic attack, and with paralysis of the 
motor oculi, etc. 

Narrowing of the pupil, myosis, oeeura in mop- 
phiue poisoning, tabes, dementia paralytica, moiin- 
gitis, affection of the first dorsal segment, iritis, etc. 
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Inequality of the pupils is to be observed with paraly- 
sis, tabes, meningitis, etc. 

The light reflex may be abnormally slow or lost 
when there is an interruption of continuity of the 
reflex arc, as in blindness from disease of the optic 
nerve, paralysis of the oculomotor, paralysis or le- 
sion of the reflex collaterals of the oculomotor (tabes, 
dementia paralytica), in the disease of corpora quad- 
rigemina, and aside from this in ooma, narcosis, and 
during an epileptic attack, but not in hysteria. 

In lesion of the optic tract there is hemianopsic 
pupillary stiffness (no contraction when the light 
falls on the blind half of the retina) . 

IV. Investigation of the Function of the 
Bladder and Rectum, 

a. Lesions of the central tracts, dorsal myelitis, 
focal disease of the cord. 

Lesion of the motor tracts causes retention of urine 
and of feces, voluntary evacuation is impossible, and 
after the bladder gets full the urine comes away in 
drops. 

Lesion of the sensory tracts destroys the sensitive- 
ness of the bladder, there is loss of urine pressure on 
the bladder, and consequent retention. 

b. Lesion of the peripheral tracts and of the blad- 
der centres (the reflex collaterals in the sacral cord) 
is attended by incontinence of urine and frequently 
of ftecea, paralysis of the sphincter. Lesion of the 
lumbar sacral eord and of the cauda equina causes 
continual dribbling of urine. In this condition there 
is also inability to feel any sphincter contraction 
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when the finger is forced through the sphincter, a 
condition which is preserved when the disturbance is 
central. 

In addition to these paralytic appearances there 
may be reflex symptoms and symptoms of central 
irritation, such as slow urination, tenesmus, stran- 
gury, etc. 

After primary disease of the spinal cord there de- 
velops very easily and very rapidly severe cystitis, 
which is quickly followed by secondary infection, 
pyelonephritis, and pyaimia. 

V. Examination for Trophic and Vasomotor 
Disturbances. 

Trophic disturbances are associated with lesion of 
the anterior horns, neuritis, disease of the blood-ves- 
sels, etc. The most important are : 

Hedness, swelling, cyanosis, abnormal paleness, 
urticarial eruption on the skin, erythromelalgia 
(painful redness and swelling of the hands and feet), 
angio-neurotic cedema (periodical or intermittent 
multiple areas of skin cedema). 

Atrophy of the skin (glossy skin, shining skin), 
scleroderma, unilateral atrophy of the face (hemi- 
atrophia facialis), anomalies of perspiration such as 
hyperidrosis, secretion of sweat on one-half of the 
body as in hysteria and neurasthenia. 

Spontaneous formation of gangrene of the extremi- 
ties, as Raynaud's disease, Morvan's disease, syringo- 
myelia, bed-sores in paraplegia (only of indirect ner- 
vous origin) ; perforating ulcer in tabes, change in the 
joint, arthropathies, such as the swelling, thickeoi- 
ing, proliferation of tabes, etc. 
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VI. Examination of the Psychical Fusctions. 
1. Speech and Writing. 

a. Articulafory disturbance. Dysarthria. 

These are disturbances of speech due to defect in 
the peripheral tracts. It may be that ouly the utter- 
ance i3 <iefective for individual letters or the defect 
may be so great that the letters cannot be formed at 
all. The words come from the mouth in a choking, 
nasal, running-together fashion which may he en- 
tirely incomprehensible and which are produced by 
great muscular effort. This variety of disturbance 
of articulation is seen in bulbar paralysis, in lesion 
of the nuclei of hypoglossal and facial, in defective 
formation of the articulatory muscle apparatus, such 
as cleft palate, etc. 

Special forms have been differentiated as typical of 
certain lesions, for instance, bulbar speech, nasal 
speech (rhinolalia), slow speech (bradylaha). 

Scanning speech, syllabic splitting up of word for- 
mation, is considered typical of multiple sclerosis. 

Various defects of speech formation, especially de- 
fects in formation of letters, are classified under stam- 
mering speech (dysarthria literalts). 

Stuttering arises from abnormally strong spastic 
contractions in the speech muscles (of central origin?). 
Psychical excitation increases stuttering, dissipates 
stammering. 

In dysarthric disturbances, examination is made 
of the lips, the tongue, the palate, and the nasal pas- 
sages. 

6. Aphaaie speech distm-biuaces. 
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These are conditioned through central disease and 
may be of a cortical nature (cortical foci), of trans- 
cortical origin (disturbance of the association tracts), 
and of a subcortical form (interruption of the con- 
ducting path from the centre to the peripberj')- 

(1) If the patient cannot apeak voluntarily but can 
understand everything that is said to bim, then the 
speech disturbance is known as (motor-ataxic) apha- 
sia. Lesion as in II., Fig. 9; for explanation see 
page 71. 

If the patient cannot speak a single word volun- 
tarily, he is said to have total motor aphasia. 

If he can say only individual words, such as yes 
and no, etc., be is said to have monopbasia. 

(2) If the comprehension of words fails him with- 
out disturbance of speech, the patient is said to have 
sensory aphasia, word deafness. Lesion in I. In 
this condition there is a disturbance in the proper 
association necessary to speech— ^.c., an abolition of 
the necessary association between I. and II. Speech 
is false, non- pertinent, wrong words are used, and 
there may be also defective sentence formation, a 
condition known as paraphasia. A form of this is 
literal parapb^ia in which there is stumbling in 
the syllables, the placing of letters and syllables in 
wrong connections (in dementia paralytica) , If there 
is loss of word memory so that the patient cannot 
quickly remember names, designations, etc., as for- 
merly, although no comprehension of the word or its 
meaning is lost, this condition is known as amoeBio 
aphasia. 

(3) Inability to write voluntarily is often asso- 
ciated with motor aphasia and very frequently with 
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sensory aphasia. This condition is known as 
agraphia. It occurs as the result of disturbance with 
V. or of the associations between I., IL, and V. ; see 
paragraphia. 

(4) With and without sensory aphasia there comes 
inability to read, withoiit any particular disturbance 
of vision. This is known as alexia, and is the re- 
sult of lesion of the inferior temporal lobes, the gyrus 
supramarginalin. 

All of these conditions may occur together in wide- 
spread disease, as may complete motor and sensory 
aphasia. 

(.i) If the patient does not recognize familiar ob- 
jects and their signilicance, there is said to be psychi- 
cal blindness (focus in III.). He does not find for 
familiar objects the right word, and when motor 
aphasia is not present, this condition is called optic 
aphasia (disturbance of the association between III, 
and I., II.). 

Disturbances in the associations between I., III., 
V. cause (similar to paraphasia) paragraphia; just 
as association disturbance between I., II., and the 
supramarginal gyrus causes paralexia. 

Both of these conditions in combination with 
defective syllable formation occur frequently in de- 
mentia paralytica. 

Disturbance of writing mostly of peripheric locali- 
zation is known as dysgraphia (analogous to dys- 
arthria); such conditions are ti'emulous writing in 
alcoholic and senile tremor, etc., ataxic writing in 
hereditary ataxia and multiple sclerosis. 

Functional disturbance of the power to read, such 
as rapidly induced fatigue, is known as dyslexia. 
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Sxamiuation of these central speech and other dis- 
turbances can be done in the foUowiug way: 

One begins the examination with a question, " Have 
you been sick long?" If there is no answer there 
may exist (excluding deafness and lack of psychical 
comprehension) : 

a. Deaf-mutism, which is to be recognized by the 
gesticulations which at once begin. 

6. Total motor and sensory aphasia, which is cor- 
roborated by having to get the history from a third 






If the patient nods his head and likewise answers 
other questions correctly by means of gesticulations 
or mimic movements without, however, being able 
to bring forth a word, it may be taken for granted 
that the patient has motor aphasia. If he do^ not 
respond at all to the question or if he does not do 
some simple thing that is asked of him such as to 
close the eyes, it may be concluded that he has sen- 
sory aphasia; but if all qurations or requests are 
quickly and properly responded to by gestures or 
mimicry, this can be entirely excluded. 

If the patient answers all questions with one and 
the same word, for instance, "no," "no," then he has 
monophasia. 

If he answers incorrectly, especially if he misplaces 
words, syllables, or letters, then he has paraphasia. 
For exact corroboration of this the patient should be 
asked to repeat certain polysyllabic words such as 
electricity, artillery brigade, or other long words. 

After this certain familiar objects are exhibited to 
the patient such as a match, a lead pencil, etc., and 
he is questioned as to their use. If the patient is un- 



PATHOLOGY AND TttBBAPBtJTlOS. 139 

able to respond correctly either by words or gestures 
(and if sensory aphasia and disturbance of vision can 
be excluded), then there exists psychical blindness. 
If the patient recognizes the objects but cannot find 
the right name for them, there exists optic aphasia. 
Now the patient is requested to repeat (the above 
disturbances being excluded) after dictation words, 
sentences, and to count. If he quickly forgets 
what has been spoken or if he repeats them in a 
defective fashion, then he has amnesic aphasia. 
Then follows the examination of the power of 
writing. 

Words and figures are dictated and the patient is 
requested to write them. If he does not writ© at all, 
and sensory aphasia can be excluded, agraphia exists; 
if the same word such as "no," "no" is written and 
rewritten, then he has monograpbia; or if the writ- 
ing shows that syllables and letters have been left 
out, the defect is called paragraphia. 

Amnesic disturbance of writing exists when the pa- 
tient forgets quickly what has been dictated. In a 
similar way one examines for the capacity to write 
spontaneouBly and to copy. 

To test the power of reading, the patient is asked 
to read printed or written figures and numbers. If 
this is apparently not possible and motor aphasia and 
disturbance of vision can be excluded, there exists 
alexia, monolexia, paralexia, depending upon the 
form of disturbance. It is to be noticed whether or 
not the patient comprehends what he may be able to 
read. 

Amnesic alexia is caused through disturbance of 
intellect, rapid forgetting of recently seen letters and 
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eyllables. This ia determined exactly by requesting 
the patient to place words together and to count sin- 
gle figures and ciphers. 

j3. Mental Examination. 

Much has akeady been said of this in speaking 
of the disturbances of speech in connection with in- 
tellectual disturbance and in discussing amnesic 
aphasia, alexia, and agraphia. 

Aside from these the patient should be examined 
as to early memories, first impressionB and memories, 
and also the most recent ones, for instance, the de- 
tails of his illness. 

Examination for recent impressions is done by 
bringing out simple and complicated processes of 
association. 

Disturbance of memory is known as amnesia; it 
frequently attends injuries of the skull, compression 
of the brain, foci of disease in the brain, aod demen- 
tia. It is tested through the various associations, 
auditory, optic, tactile, etc. Its course cannot be con- 
sidered further in this connection. 

S. Other Psychical Disturbances, 

It is of great importance to determine if consciouB- 
ness is disturbed (coma, somnolence, stupidity); if 
the intelligence is normal or disturbed (dementiei, 
idiocy); if pathological motor or sensory irritative 
conditions are present, such as delirium, state of ex- 
citement with limitation of consciousness, hallucina- 
tions, delusions, and morbid delusions of central 
origin; and further than this, if there are any sys- 
tematized ideas, fixed or fluctuating, or obsessions. 



Conditions of melancholia (pathological depres- 
sion), mania {pathological exaltation), and hypo- 
chondria aro to be looked aft«r. 

By the presence or absence of such symptoms one 
reaches a conclusion as to the psychical condition and 
as to the diagnosis. 

C. THE MAKING OF THE DIAGNOSIS. 

The diagnosis follows principally after the complete 
examination which has just been outlined and the 
taking of the patient's history. 

The most important questions to be considered are 
the following: 

1. Does the patient suffer from a nervous disease or 
13 nervous disease only simulated by anaemia, tuber- 
culosis, tsenia, etc.? 

2. Is the cause of the nervous manifestations that 
have been found some disease of another part of the 
body and can such disease be made responsible for 
them? Such, for instance, as arteriosclerosis, tumor, 
disease of the heart, lungs, blood, kidney, stomach, 
etc., or a disease such as diabetes. 

3. la the disease of a functional or an oi^nic 
nature? This is a question that cannot be settled off 
hand and frequently it requires prolonged observation 
of the patient. Choked discs, degenerative muscular 
atrophy, reaction of degeneration, loss of patellar and 
pupillary reflexes are, for instance, attributes of or- 
ganic disease. One must always take into careful 
consideration the genesis of the disease. 

4. What is the seat of the postulated organic dis- 
ease {see General Symptomatology, Section IV., 3) 
and is the disease a focal or a systemic one? 
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. Of what form is the diaeaise? One must con- 
ir its mode of onset, its apparent connection with 
other diseases, such as infectious disease, tumor, etc, 
the location of the lesion, and the attending symp- 
toms, the presence of fever, cachexia, etc. 

Very frequently it is impossible to answer these 
questions satisfactorily after one examination and 
often it is necessary to watch the disease process and 
its course for some time. In many cases the complete 
diagnosis remains in suspense while the probable or 
provisional diagnosis may be made. One cannot be 
too careful, without the weightiest data, in making 
such diagnosis as dementia paralytica, tabes, tumor 
of the brain, from one examination alone. 



5. GENERAL REMARKS ON THE TREATMENT OF 
NERVOUS DISEASE. 

The treatment of nervous disease requires more 
than does any other form of disease that the physi- 
cian be grounded in psychology and capable of treat- 
ing his patient from that standpoint. Unfortunately 
this aide of the development of our physicians leaves 
much to be desired. A knowledge of the anatomical 
and clinical facts is by a long way not enough. 

The treatment involves 
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1. The ProphyJjAXis. 

In no other class of patients can so much ill health 
be prevented and so much misery through ulterior 
consequences he mitigated as in the cases of which 
we speak. 

The individual points to he attended to are : The 
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''advice of the physician against marriage of those 
individuals afflicted with severe mental and nervous 
disease and possihly of those handicapped through in- 
heritance (hereditary systemic diseases, etc.). Con- 
tinual observation by the physician of the nutrition 
and hygiene of children during the years of their de- 
velopment and the anticipation and prevention of 
sinister methods of living which include the abuse of 
alcohol, tea, tobacco, excesses of every form, the use 
of morphine (even by the physician), the prevention 
of mental strain, irregularity in work and diet, 
hygiene of places of employment and likewise obser- 
vation of personal hygiene, under which must be in- 
cluded personal cleanliness, bathing, clothing, exer- 
cise, etc. 

3. Causal Theeapy. 

Unfortimately this form of therapy has until now 
been possible in but a few diseases, 

a. Intoxication conditions (from lead, arsenic, al- 
cohol, morphine, cocaine) may be cured or at least 
very much bettered, for the first-named poisons, by 
interdicting the factory work through which they 
were obtained or by some regulation of it; for the 
last- mentioned by abstinence, or treatment in an in- 
stitution. Sudden withdrawal of alcohol, morphine, 
and cocaine is often followed by disagreeable but not 
dangerous consequences. In alcoholism abstinence 
manifestations do not appear when stimulants are 
stopped, statements to the contrary notwithstanding, 
and although such symptoms do appear in abstinence 
from morphine and cocaine and although they make 
the patient very wretched, they rarely signify real 
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danger. None of the so-calleJ cures " without com- 
pulsion or pain" are of permanent benefit. The ad- 
ministration of large quantities of alcohol to coun- 
teract the symptoms of abstinence from morphine is 
a dangerous procedure and should be avoided. 

It should not be understood that, in severe cases of 
morphine habit, within the first three or four days 
complete abstinence can be reached. On the con- 
trary, during the first few days of treatment, or to 
ward off threatened collapse, a small quantity of 
morphine should be given. 

b. AH syphilitica, as soon as the diagnosis is made 
(or when the suspicion of syphilis is strong), should 
be subjected to an energetic inunction cure, 3 to 5 
grams ( 3 as.- Z iss.) of gray ointment a day. Iodide 
of potassium may be administered aimultaneously or 
later, 3 grams (45 grains) daily. Never should the 
attempt be made to treat syphilis with iodide of po- 
tassium alone. 

Malarial neuralgia should be treated by the admin- 
istration of quinine 8 to 20 grains daily. 

c. The third class of diseases, the recovery of 
which we may facilitate by treating the condition 
directly, are those in which surgical interference ie 
possible. The number of diseases that are amenable 
to this form of treatment has in recent times been 
much increased. 

Aside from conditions dependent upon direct 
trauma to the nervous system, there may be placed 
in this category : 

(1) Diseases of the brain which may be exactly 
localized, tumors, bone fragments, locahzed purulent 
areas when they are in or very near to the cortex, 
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Where purulent foci are suspected, trepannation and 
exploration are justifiable procedures. 

In increased intracranial pressure, as in hydro- 
cephalus, trepannation and tapping of the ventricles 
have been followed by beneficial results; as has also 
lumbar puncture for tlie same condition. Carious 
bones and carious foci in joints which may entail in- 
jurious consequences to the nervous system come 
under the caption of diseases subject to surgical 
treatment. Whether or not Jacksonian epilepsy is 
at ail bene6ted permanently by surgical treatment is 
yet a matter of question, and one that we shall be 
much more capable of answering when the pathology 
of epilepsy is understood. 

The results of operations for tumors has heretofore 
not been very encouraging, while operation for brain 
abscess has been followed by excellent results. 

(a) Spinal-cord diseases. 

Aside from those arising from direct trauma, the 
diseases that we subject to surgical treatment are 
tumor of the cord and caries of the spinal vertebrse. 
In these, results up to this time have not been very 
encouraging. The uncertainty of diagnosis as well 
as the difficulty in its exact localization, the diflSculty 
of orientating one's self in the field of operation, and 
other factors serve to militate against the success of 
surgical metliods in these diseases. Nevertheless it 
maybe said that the earlier the operation is under- 
taken in these casra, before the disease has produced 
irreparable changes in the cord, such as secondary de- 
generations, the greater may be one's anticipation of 
benefit. 

When such degeneration has positively taken place 
10 
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the beneficial results of any operation, no matter bow 
auccessful it may be, must remain very slight. 

(S) Peripheral nerve diseases. 

Here the best results are got, because the power of 
regeneration in these parts is markedly hotter than in 
the brain or spinal cord. Even after a long time has 
elapsed since the continuity of the nerves has been 
severed, entire reparation of the nerve is possible. 

The recovery of a nerve whose continuity has been 
severed may be hastened by plastic operation. 

The most important factor leading to success in 
any of the conditions that allow of surgical interfer- 
ence is an early and exact localizing diagnosis. 

3. Symptomatic Therapy. 

This form of therapy may be used with good effect 
in all diseases in which severe degenerative processes 
have not gone on. 

Degenerative diseases of the cell -fibre- muscle, es- 
pecially if they be of central origin, give a bad 
prognosis. Individual symptoma require individual 
treatment and in this way they may be transitorily 
dissipated or improved 

(a) Psychical Treatment. 

Quiet consolation, reasonable explanation, prompt 
dissipation of trifling worries, and assurance in a 
proper way and manner, and possibly also a certain 
amount of didactic severity, are often of great and 
rif hteoua influence. 

It is of paramount importance that the physician 
counteract depressing influences. This is facilitated 
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by a careful and exact examination and a cautious 
making of the diagnosis, 

An exact and careful examination is often of the 
greatest benefit to the patient on account of the 
psychical impression that it makes ; indeed, it may 
be said that it is a therapeutic agent of the first 
order. Hypnotic treatment is only to be thought of 
when the above procedures are not effective, as the re- 
sults of this form of treatment are doubtful, frequently 
of no permanent benefit, and occasionally detrimental. 

The necessity of Hmiting the right to produce 
hypnosis to the physician should be especially em- 
phasized in this connection. See fui-ther under 
Hysteria. 

(6) Physical Treatment. 

Regulation of nutrition, sleep, and the obtention 
of quiet, health-conducive surroundings are of fun- 
damental importance. One should seek to obtain 
these wherever it is possible without any artificial 
aid. Limitation, or better abstinence, from alcohol, 
it matters not what lay friends, apothecaries, or even 
physicians may say about the efficacy of wine to 
"strengthen the nerves," is one of the first things to 
be done. 

Fruit, cocoa, tea, cafe au lait, and eventually light 
wines are to be recommended as nutritive measures. 

Hydrotherapy. Cool, not too cold sponging, douch- 
ing, cool {75 to 85° F.) and warm (90 to 100° F.) baths 
are most serviceable. Hot packs are often used. 
After warm baths there should follow a cool rubbing 
off. 

Sojourning in watering-places, especially small 
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ones (at the seashore or the mountains), is often at- 
tended by surprisingly beneficial and rapid results. 
Massage, gymnastics, and occasionally the reassuring 
statement of the physician are often of great benefit. 

Electricity, whether it operates directly on the 
somatic functions or indirectly through the mind, is 
often an ultimate refuge. 

The galvanic and faradic currents are the most 
used. The galvanic current reaches the deeper parts 
and generally is more serviceable than the faradic. 
Galvanic treatment is more applicable in painful and 
deeply situated disease processes (the anodal pole is 
soothing, the cathodal exciting, therefore the anode 
should be placed on the painful parts), while the 
faradic is more used for peripheral diseases, espe- 
cially for paralysis of the muscles. 

Care should be taken not to use too strong a current 
and never without measuring the current with a 
galvanometer. * 

(c) The Administration of Drugs. 

These constitute, where they are not indicated by 
some special reason, not the first but the last aid 
which we invoke. 

The chief maxim is here nil nocere, for as it is 
often impossible to help, the risk is unequal. Pre- 
vent the unnecessary expenditure of money I 

A few medicines operate with considerable cer- 
tainty on the nutrition-, arsenic (acid, arson, j^ to 
y^ of a grain. Fowler's solution 5 to IS drops per 
diem); iron (Blaud's pills, pills of iron and quinine, 
and pills of iron and arsenic). 

As quieting measures the bromine salts are to be 
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FTecommended (bromide of potassium, bromide of 
Bodium, bromide of ammonium), also a mixture of 
these (1 to 4 drachms per diem), also antipyrin (15 to 

30 grains), etc. 

As pain-relieving measures the most important are 
opium, morphine (only with greatest caution, if at 
all, in the neuroHeM), and codeine. 

As anti-neuralgics : antipyrin (15 to 30 grains), 
quinine (8 to 20 grains), salicylate of soda (1 to '6 
drachms), salicylic acid (30 to 60 grains), phenacetin 
{8 to 20 grains), antinervin (8 to 30 grains), aalophen 
(8 to 20 grains), analgene (15 to 30 grains). 

As hypnotic aids, sulfonal (15 to 30 grains), hypnol 
(8 to 30 grains), trional (8 to 30 grains), chloral (15 
to 30 grains). 

In addition to these there are a great many drugs 
in extensive use purely on theoretical grounds, such 
as ergotin (^ to 5 grains), nitrate of silver \-^ tof of 
a grain), strychnine (riir ^ iV gf^iii)' atropine {^^ 
to TtV of a grain), and others. They are in large 
measure very dangerous poisons and when adminis- 
tered therapeutically have very questionable efiEects. 

Inunctions and counter- irritation are often salu- 
tary in their effect. 



SECTION V. 
Special Pathology and Therapy. 

(Platea 68 to 78 and the preceding.) 



Such diaeasea injure at first the convexities of the 
brain, then tiie adjacent cortical substance. If the 
seat of the lesion be tbe base cF the brain the cranial 
nerves become involved, while if it be the spinal 
cord the spinal roots suffer. Thus result the cardinal 
nerve symptoms. 

1. Pachymeningitis Interna H^emorrhagica 

(H^GMATAOMA OP THE DcTlA MaTER). 

Nature. — It consists of an inflammatory, mem- 
branous accumulation on the inner surface of the 
dura with (secondary?) interstitial hemorrhages. 
Its etiology is uukuowu. 

The disease occurs in adults foUovring alcoholism, 
in senility, and in dementia paralytica; it also occurs 
spon taneoualy . 

Course. — The symptoms that it causes (which 
bespeak the hemorrhagic condition) are headache, 
symptmiis of cortical irritation and paralvsis, such aa 
oonvulsiye attacks on one side of the body, and heio- 
iplegia and fever. 

J)i€ignosi». — It must be differEotiated from 
ISO 
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of thebi'ain (uniformly progressive), hemorrhage into 
the brain (symptoms of irritation), rarely meningitis 
(different course, and symptoms referable to the base), 
and from urasmic coma (examination of the urine and 
course) . 

Treatment. — Quiet, ice applications, venesection, 
calomel, draatiea; and to control the symptoms hyp- 
notics and morphine. 

3. Acute Leptomeningitis. Meningitis of the 
Convexities. 

(a) Epidemic Cerebro-Spinal Meninlgitis, 
(Plate 63, 1.) 

Nature. — An epidemic and also sporadic form of 
infectious disease, the cause of which is the diplo- 
coccus of Fraenkel. Its presence (the entrance being 
through the nose, wounds, and the lymph-blood tract?) 
and development cause an indammation of the mem- 
branea of the brain and spinal cord. The pathologi- 
cal product consists first of a serous, later of a puru- 
lent exudate in the meshes of the pia and especially 
into the convexities of the hemispheree. 

Course. — The disease begins abruptly, most fre- 
quently in the young, with a general feeling of 
malaise, rapidly increasing headache, vomiting of 
cerebral character, and chills. The disease rapidly 
becomes severe. Herpes labialis, continuous high 
fever, severe leucocytosis, stiffness of the neck, and 
pain in the neck on attempts at bending (irritation 
symptoms from the upper cervical roots), benumbing 
of consciousness, all go to corroborate the diagnosis. 
Then follow delirium, symptoms of cortical irritation. 
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such as coDVulaiona, paralysis of the monoplegic type, 
and hyperEesthesia. Later etiH deep coma, trismiia, 
opisthotonus, retention of urine and fsces, and 
Cheyne- Stokes respiration. 

In severe cases death occurs at the end of the first 
week (meningitis siderans) ; in severe, protracted 
cases the disease may last eight weeks and longer. 
Nevertheless recovery from the severe forms is pos- 
sible. 

The sequelie of the disease are deafness, lesion of 
the auditory nerve, blindness, persistent cephaltdgia, 
paralysis, and abscess of the brain. 

Diagnosis. — It must be differentiated from typhoid 
fever (by the slow onset, no herpes, no leucocytosis), 
from pneumonia (sputum and lung symptoms), from 
pyaemia (purulent foci, no rigidity of neck), from 
tubercular meningitis (basal symptoms and secon- 
dary to tuberculosis), purulent meningitis (purulent 
area and not epidemic). 

Treatment. — Quiet; wrapping in cold cloths, bath- 
ing being painful ; ice bags ; letting of blood over the 
raaatoid processes; calomel; fly blister to the back of 
the head; inunctions of mercury; antipyretics and 
narcotics. 

(b) Purulent Meningitis. 

Nature. — It occurs oftenest with purulent process 
in the ear (otitis media), caries of the petrous portion 
of the temporal bone, erysipelas, pjEemia, and other 
acute infectious diseases. The exciting causes are 
the different bacteria, streptococcus pyogenes, strep- 
tococcus eryaipelatis, staphylococcus aureus and 
albus. 
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The anatomical development of the disease ia as in 
(a), the greatest purulent areas being not only on the 
oonvexities but in other locations as well. 

Course. — Beginning and course as in (fi). Paraly- 
sis of the cranial nerves, optic neuritis, and pupillary 
changes occur more frequently than in (o). 

Diagnosis. — Diagnosis as in (a). The origin of 
the disease should be assidulously sought for. 

Treatment as in (a). Surgical interference. 

— 3. TCBERCULAE MENINGITIS. BaSILAB 

^ Mbninoitis. 

(Plate 63, 3.) 

Nature. — It follows secondarily to primary tuber- 
culosis of the lungs, lymph glands, or bones, and 
occurs with especial frequency in children. The itine- 
rary of the tubercle bacilli is through the blood-ves- 
sels to the pia of the brain, there their activity causes 
first a fibrinous exudation into the sulci, particularly 
at the base of the brain, where miliary tubercles are 
found later in great numbers. When such tubercles 
are circumscribed in the substance of the brain they 
cause a tumor formation to which the name of soli- 
tary tubercle is given. 

Course. — The disease begins gradually, with rest- 
lessness, headache, and vomiting. After a time 
there is an increase in the symptoms of cortical irri- 
tation and delirium ; convulsions (hydrocephalic cry), 
trismus, and irregularity of the heart occur. 

Somnolency, increase of temperature to 39° C, 
irregular fever, stiffness of the neck, and coma 
follow. 
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Paralysis of individual cranio nerves (motor oculi, 
facial, abducens), monoplegias, aphasia, and death 
complete the picture. 

Diagnosis. — It is to be differentiated from puru- 
lent meningitis (which see). 

Corroboration of the diagnosis should he sought by 
examination of the sputum and of tiuid obtained by 
puncture through the lumbar vertebrfe for tubercle 
bacilli. 

Treatment as in S. 

4. Syphilitic Meningitis, Gummatous Menin- 
gitis, AND Brain Syphilis. 

(Plate 55, 1). 

Nature. — They occur during the secondary and 
tertiary stages of syphilis, at the earliest a few 
months after infection, ordinarily the result of char- 
acteristic syphilitic new formations (gummatous for- 
mation, infiltration, cheesy degeneration) in the pia, 
especially at the base of the brain, with especial pre- 
dilection for the blood-vessels which course there. 
Brain syphilis is described under three varieties: 

(o) Diffuse syphilitic basal meningitis (cortical in- 
filtration, also localized focal areas). The symptoms 
are essentially those of basal tubercular meningitis. 

{h) Isolated gummatous formation in the men- 
inges, rarely in the substance of the brain. The 
symptoms are those of brain tumor. 

(c) Characteristic changes in the blooti-vessels (en- 
darteritis luetica), with or without diffuse or local- 
gummatous meningitis. The result of this is to 
produce naxrowing of the lumen of the affected voB- 
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sela, the encroachment being the consequence of in- 
tima proliferation, the result being that autochtho- 
uoua thrombus formation follows easily and fre- 
quently, likewise necrosis. (See Embolism.) 

These individual forms may also occur together 
and therefore the symptoms of brain syphilis are very 
variable. 

The intensity of the symptoms varies very much, 
the disease being characterized by exacerbations and 



Course. — In the beginning the symptoms are men- 
ingitic (headache, vomiting), then follow attacks of 
loss of conaciousneea, paralysis of the extremities, 
convulHJons, dementia, apathy associated with lesion 
of the basal cranial nerves, optic atrophy, optic neu- 
ritis, oculomotor and facial palsy. Polyuria and 
polydipsia are of frequent occurrence. 

Hemiplegia occurs very often and is the result of 
thrombotic softening. Aphasia and epileptiform at- 
tacks complete the clinical picture. 

Recovery is possible, but some paralysis often re- 
mains as a residuum. 

Diagnosis. — For the diagnosis, knowledge of a 
previous specific infection (abortion, cicatrices, in- 
filtrated glands) is of greatest importance, but it is 
possible and just to make a diagnosis sometimes 
when such information is denied us. 

When an attack of meningitis occurs for which a 
cause cannot be postulated, one should always think 
of lues. 

Treatment. — Mercurial inunctions, potassium io- 
dide (see Qeneral Portion), and symptomatic treat- 
meat 
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5. Thrombosis of the Sinuses. 

Nature. — Coagulation of the blood in the venous 
sinuses follows secondarily to other neighboring local- 
ized areas of disease, especially if they be inilamma- 
tory in nature. It is most frequently an extension of 
the inflammatory process (phlebitis) to the walls of 
the sinus. Thus it occurs with caries, osteomyelitis 
of the petrous bone and the mastoid process; with 
purulent meningitis, abscess of the brain, phl^mon, 
etc. It also occurs spontaneously in senility, throm- 
bosis of maraamic origin, chlorosis, and cachexia. 

The most common location for marasmic thrombuB 
is the superior longitudinal and the transverse sinus. 
Following disease of the ear the transverse sinus is 
most frequently affected. 

"When the origin is purulent the thrombosis results 
secondarily to infection and the result is metastatic 
pyremia (through the jugular vein — right heart, in 
the lungs). 

Symptoms. — The symptoms vary according to the 
seat of the lesion. Symptoms of meningitis, such as 
headache, vomiting, convulsions, and coma, are gen- 
erally the first, while subsequently paralyses and stiff- 
ness of the neck occur. When the transverse sinus 
is thrombosed, there maybe cedema over the mastoid 
process, distention of the jugular vein of the affected 
side, slowness of circulation through the external 
jugular vein. When the thrombosis is in the sinus 
cavemosus, there will be congestion of the ophthalmic 
veins, chemosis, protrusion of the eyeball, and paraly- 
sis of ocular muscles. Thrombosis of the superior 
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longitudinal sinus is generally accompanied by con- 
gestion of the veins of the nose (epistaxis). 

Diagnosis. — The diagnosis cannot always be made 
with certainty, as the symptoms are often masked by 
the original disease (abscess of the brain, meningitis, 
etc.). The above-described manifestations of conges- 
tion go far to substantiate the diagnosis. 

Treatment. — Eventually sm-gical, opening and 
tamponading; in the mean time symptomatic. 

For diseases of the arteries and their consequences 
see Hemorrliage, Embolism, and Aneurism-formation 
in the next section. 

H DISEASES OF THE BRAIN SUBSTANCE. 

A. Oboanic Disbases. 

1. DISTURBANCES OF CIRCULATION AND IT] 

CONSEQUENCES. 

(o) AruEmia and Hypercsmia of the Brain. 

Both of these conditions occur as transitory or per- 
sistent individual symptoms of different diseases, 
such as conditions of exhaustion, in fever, and with 
anfemia of all forms. 

Transitory anaemia of the brain, especially of the 
cortex, causes attacks of syncope ; persistent aiiEemia, 
after loss of blood, and of previous former tiniemia, 
causes general malaise, somnolence, tired feeling, 
noises in the ears, vertigo, vomiting, and gaping. 

Treatment by infusion of salt solution, horizontal 
position, clysters, counter-irritation to the skin in the 
acute and robust. Increase tbe nutrition by the ad- 
ministration of eggs and milk diet, and by theexhibi- 
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tion of iron and arsenic. In chronic anaemia sympto- 
matic treatmeat. The administration of alcohol, red 
wine, is entirely unnecessary and often producive of 
haim in the treatment of ansemia. 

Hyperjeraic conditions occur in persons of the apo- 
plectic habit, in plethora, and are accompanied by 
feelings of heat, cardiac palpitation, vertigo, numb 
aenaationa in the head, etc. Arteriosclerosis plays 
an important role in the etiology of this condition. 

Treatment. — Regulation of the mode of life, of the 
taking of alcohol, of the use of tobacco. Baths, sea 
bathing, exercise, and attention to the heart and kid- 
neys are of first importance. 

(i) Hemorrhage into the Brain. 
(PfataaSO, 1 and 2 ; 60, 1.) 
Nature.^The predilection of the arteries of the 
brain to the formation of miliary and larger aneu- 
risms and the rupture of these aneurismal walla lead 
to various injuries of the brain substance. The burst- 
ing of a small aneurism may be followed by the most 
severe consequences when adjacent tracts or centres 
are involved or destroyed. 

Such miliary aneurisms may form in any of the 
arteries of the brain, but they are found most cona- 

I monly in the branches of the artery of the Sylvian 

^^^^ fossa, the most frequent branch to be affected being 
^^^1 the lenticuto-striate artery (see Fig. 3, p. '^S). 
^^^f The adjacent brain substance is destroyed to a 

I greater or less extent by the extravasation of blood 

I into it. Following the formation of coagulation or 

I thrombus the blood undergoes cystic degeneration 

r and there is resorption of the exudation with a par- 
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tial connective-tiaaue transformation (see General 
Part). On the surface there remain as sequelEB a 
defect and in the interior of the brain u cyst. 

The most prominent etiological factors leading to 
such aneuriBm-formation are arteriosclerosis, the re- 
sult of chronic alcoholism, syphilis, gout, chronic 
nephritis, and other unknown conditions. 

The moat important localization of a hemorrhage 
is in the vicinity of the cerebral ganglia and the ad- 
jacent medullated portions, the internal capsule. 
This area is supplied with blood, especially by the 
above-mentioned artery of the fossa of Sylvius, and 
on account of the frequency with which it is the seat 
of hemorrhage, it has been called by Charcot the 
arUre d'Mmorrhagie. 

Course. — -The hemorrhage is attended by tlie 
symptoms of cerebral apoplexy, a shock, a stroke. 
After the symptoms attending the occurrence of the 
hemorrhage have ceased, paralysis, hemiplegia, re- 
mains. The occurrence of an apoplectic stroke is 
preceded by certain prodromal symptoms, such as 
disturbances of circulation manifested by headache, 
vertigo, noises in the ears, and moderate weakness. 

Frequently the attack comes on with lighting-like 
rapidity without any premonition and without any 
exciting cause, or with some such exciting cause as 
bodily strain. The patient feels badly, is dizzy, con- 
fused, and quickly becomes unconscious. This con- 
stitutes the sliock. It may last from a few minutes 
to several days, depending upon the severity and 
extent of the lesion. The shock renders the patient 
unconscious and reactionlesa, the breathing is slowed, 
stertorous, often suspended; the pupillary reflex fre- 



ICO 



ATLAS OF THE NEETOUS SYSTEM. 



w 

^^^H quently irregular ; the extremities are immovable and 
^^^H when one ia raised it fall^ as if inanimate, but occa- 
^^^H sionally there may be slight spastic manifestations. 
^^^1 Retention of urine and fseces develops and oftentimes 
^^^H there is conjugate deviation of the eyeballs. The tem- 
^^^H perature varies : it may be normal, subnormal, or just 
^^^H preceding the end extremely high. 
^^^B If death does not follow the shock (depending upon 

^^^H the size and location of the hemorrhage), the patient 
^^^H gradually recovers consciousness, and frequently it is 
^^^H not until consciousness has been restored that the 
^^^H amount of paralysis can be determined. 
^^^H The paralytic manifestations directly after the 

^^^H shock are very much more extensive than they are 
^^^B after recovery of consciousness or at the end of a 
^^^H week. Those symptoms which disappear during the 
^^^V first week after the onset of the disease are known 
as indirect foHial symptoms. They depend upon the 
remote activities of the focus through pressure on 
neighboring portions and they disappear simultane- 
ously with the recovery of this segment of the brain. 
The direct focal symptoms, the result of destruc- 
tion of certain tracts and centres, are on the contrary 
irreparable and continuous. 

The direct, continuous symptoms bespeak the lo- 
I calization and extent of the lesion in very different 

^^^B ways, varying from the traui^ient hemiparesis to 
^^^H severe total hemiplegia with faemianassthesia and 
^^^V hemianopsia. Apoplexy of the left cerebral hemi- 
^^^ sphere is naturally often associated with aphasia 
I iu its different forms. Apoplexy into the medullary 

L substance may occur without symptoms, while if it 

^^^ be in the cerebral peduncles the symptom complex of 
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altematiDg hemiplegia may be the result (see Sec- 
tion IV., ;i). 

The implicated mueclea manifest a spastic paraly- 
sis with a tendency to the occurrence of contracture 
formation without degenerative atrophy.* The ten- 
don reflexes are increased, Hud the skin reflex of the 
paralyzed side is fret^uently lost. 

On the hemiplegic side there may develop choreic, 
athetoid, irritation movements (post-hemiplegichemi- 
chorea, hemiathetoei.'^) . 

In extensive and widespread hemorrhage or more 
frequently in recurring hemorrhage, the iutelligence 
of the patient suffers markedly, there is patholc^- 
cally increased irritability and also complete secon- 
dary dementia. 

Diagnosis.~lt is to be differentiated from the 
coma of iirfemia (examination of urine), from dia- 
betic coma (oiior of acetone, sugar), from extra-men- 
ingeal hemorrhage coming from the middle menin- 
geal artery in fracture of the skull (the history, 
typical course of varyii^ brain pressure), from em- 
bolism of the brain (youth, disease of heart, light 
attack), and from pachymeningitis (which see). 

Topical diagnosis according to paragraph IV., 3, 1. 

2Vea(me7ii. ^Prophylactic, see Hypersemia. 

At the time of attack, ice bags, quiet, attention to 
bladder and bowels, venesection, counter- irritation. 

After the attack, interdict excitement of all kinds, 
allow moderate gymnastic practice, electricity, mas- 



• In very rare instances atrophy of recent onset and rapid 
course is seen (thnlamus lesion?), cerebral atrophy. The 
hemiplegic gait (draKgJDg) is mentioned on p. 115. 
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Bage, Bait baths, mud baths, and symptomatic treat- 
ment. 

(c) Embolism of the Brain. 

(Plate 56, 3.) 

Nature. — Embolism arises from the formation of 
a fibrinous coagulation in the interior of an artery 
wbicb blocks up the calibre of some of the small 
branches. The embolic material comes mostly from 
the left side of the heart (mitral endocarditis and 
from the aorta). It passes through the internal 
carotid and first becomes lodged in one of the cere- 
bral arteries when it reaches one of sufficiently small 
calibre, which is most frequently one of the branches 
of the artery of the fossa of Sylvius and oftenest of 
the left side. As the cerebral arteries are terminal 
arteries it follows that there will be no compensatory 
circulation in the regions to which the blocked-up 
artery furnishes blood, and the result ia that necrosis 
results through a process of softening (see General 
Part), the contents of the area of softening are re- 
sorbed, and there remains on the surface of the brain 
a defect, a flat, yellow surface, and in the brain sub- 
stance a cyst to mark the seat of the lesion. 

Obstruction of an artery and its consequences may 
arise without formalion of an embolic process through 
autochthonus thrombus formation in the arteries of 
the brain (syphilitic endarteritis obliterans, arterio- 
Bcleroais). The areas of softening that resultare fre- 
quently multiple. 

Course. — The clinical manifestations arising from 
blocking up of an artery of the brain vary but 
slightly from those of hemorrhage. 
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Emboliem causes an apoplectic stroke as does hem- 
orrhage, hut the subsequent coma is not as a rule of 
such profundity or duration. 

The premonitory syrnptoms of emboliem or of 
autochthonuB thrombosis may be very numei-ous and 
very severe. 

In these there are also direct and indirect focal 
Bymptoms. The indirect disappear more rapidly. 
Those that do not disappear after the first few days 
are direct symptoms and irreparable. 

Depending upon the seat of the lesion there may 
be more or less transitory bemiparesis, more or less 
permanent and extensive hemiplegia, aphasia more 
frequently than with hemorrhage into the brain, 
^ternating paralysis, hemianopsia, etc. 

Diagnosis. — For diagnosis see Hemorrhage. 

Treatment as in hemorrhage. 

(d) Aneurismal Formation. 

(Plate 54, 1.) 

Large aneurisms have their seat in arteriee of the 
base most frequently. Through compression o£ the 
substance of the brain, the outgoing nerves, and the 
pyramidal tracts in the pons and medulla, alternating 
hemiplegia arises. 

In aneurism of the internal carotid there is fre- 
quently pulsating eicophthalmus. 

(e) Arteriosclerosis of the Brain Arteries. 

This causes, through its disposition to hemorrhage, 

thrombosis (softening), and aneurismal formation, a 

group of symptoms such as have been mentioned 

under hypersemia of the brain; alight hemiparesis, 






164 ATLAS OF THE NERVOUS STSTHM. 



traneitory attacks of vertigo, disturbance of vision, 
etc., which are dependent upon circulatory disturb- 
ance of different degrees. 

For treatment see Hypertemia. 

3. INFLAMMATORY DISEASES OF THE BRAIN 

SUBSTANCE. 

(o) Ahscess of the Brain. 

N^ature. — A focal collection of pus within the brain 
substance occurs in consequence of traumatism to the 
skull or inflammatory processes such as purulent 
meningitis, caries, otitis media, pyemia, and abscess 
of the lungs. Such abscesses as are not attributaUe 
to some primary disease are called " idiopathic." 

The seat of abscess is most frequently the temporal 
lobe and the cerebellum, especially secondary to dis- 
eases of the ear. 

The exciting factors of abscess are the staphylo- 
coccua aureus, the diplococcus of Frankel, the strep- 
tococcus pyogenes, the microbe of aphtha3, and the 
tubercle bacillus. 

Course. — The prolonged period of latency which 
may be up to ten years ia characteristic for abscess of 
the brain. A purulent focus which has been encap- 
sulated may suddenly give rise, sometimes without 
direct cause, to the gravest focal symptoms, such as 
perforation into the ventricle or on to the surface. 

The symptoms of cerebral abaceas are partly para- 
lytic and partly irritative. Constant headache, 
vomiting, vertigo, irregular fever (sometimes absent), 
comatose conditions, convulsions, and various focal 
symptoms, such as hemiplegia, hemianopsia, epilep- 
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tifomi attacks, and coma, may be present. In cere- 
bellar abscesB there will be in addition a more or leas 
characteristic disturbance of gait, cerebellar ataxia. 

When perforation threatens (extra-meningeal) the 
symptoms intensify. 

Not very rarely decided cachexia and apathy exist. 

Diagnosis. — To be excluded are tumor of the brain 
(nearly always choked disc, no fever). Evidence 
of a primary purulent focus is of decisive signifi- 
cance and previous trauma is in favor of abscess. 

T^-eatment. ^Only surgical, trephining, explora- 
tory puncture, evacuation. 

(6) Acute Non-Purulent Encephalitis. 

Nature. —^Thoie are various processes included 
under this heading which are not well understood. 

{«) The hemorrhagic form in which small inflam- 
matory hemorrhagic foci occur accompanied by 
acute inflammatory symptoms, the foci being found 
mostly in the cortex, the basal and central ganglia, 
and of infectious (?), toxic (?) origin. 

Course. — The symptoms are made up of menin- 
geal and focal manifestations which latter vary ac- 
cording to the seat of the focus. The prognosis is 
not always unfavorable. 

(fl) A similar form leails (in chronic alcoholism) 
to numerous small hemorrhages into the brain stem, 
especially in the vicinity of the aqueduct beneath the 
corpora quadrigemina. It produces ocular palsies, 
acute ophthalmoplegia. 

(r) Here belongs in part the as yet not very well 
known process on which are dependent the infantile 
cerebral palsies (Plate Hi, 2). Infantile palsy occurs 
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as congeuital or in the first montha of life and is de- 
pendent upon different disease processes. 

Course. — In the first montha of life the child takes 
sick suddenly with grave meningitic symptoms, 
which, however, soon subside. These symptoms are 
caused by inflammatory processes in the central con- 
volutions which leave as a residuum, after the sub- 
sidence of the inflammation, scars, defects (poren- 
cephaly) in the diseased convolutions. 

Therefore we find as clinical symptoms after 
cessation of the initiatory symptoms palsies of the 
extremities, spastic palsies of course (when the dis- 
ease ia double-sided, spastic paraplegia) . The growth 
of the paralyzed extremities, an arm, a I^, or the 
whole side, does not keep pace with the unaffected 
one. The whole half of the body may be atrophic 
(spastic hemiatrophy). 

Symptoms of irritation, such as epileptiform at- 
tacks, caused by irritation from tlie cortical scar and 
athetosis, are of frequent occurrence. 

ZV'eof mew (.—Symptomatic. See Meningitis. 

3. TtTMOR OF THE BRAIN. 

(Plate 60, 2.) 

Nature. — Tumors may develop within the skull 
secondarily to trauma; they may be metastatic from 
other tumors in distant part of the body, or they may 
be spontaneous. 

They may spring 

From the bones (sarcoma, carcinoma, osteoma, 
gumma) ; 

From the membranes (sarcoma, carcinoma, 
fibroma, solitary tubercle, gumma) ; 
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From the blood-veasels (gumma, aDeurism); and 
from the subatance of the brain (glioma, sarcoma, 
carcinoma, metastatic and primary, and cyaticercus) . 

The most common are glioma, gumma, and sar- 
coma in the adult, and solitary tubercle in children. 

The symptoms vary according to the size of the 
tumor, the rapidity of its growth, and with the mul- 
tiplicity and seat of the growth. 

All tumors have a series of symptoma which are 
dependent upon the presence of an increasing foreign 
body within the closed skull space; these may be 
called the general tumor symptoms. The other 
symptoms or special symptoms depend upon the seat 
and variety of the new growth. 

Course. — The general symptoma of brain tumor 
are the result of space encroachment in the cranial 
cavity and the resulting difference in intracranial 
pressure, which acts in a sinister way not only upon 
the brain substance but upon the lymph and blood 
circulation. 

These symptoms are: 

(n) Headache, continuous, diffuse, dull, and in- 
tense. 

(6) Cerebral vomiting not associated with the tak- 
ing of food and occurring periodically. 

(c) Vertigo, stupidity, drowsiness, hebetude, 

(d) Bradycardia. 

(e) Apoplectiform and epileptiform attacks. 

if) Choked discs, eventually optic neuritis (Part 
rV., Section III.) are the cardinal symptoms of brain 
tumor. 

The focal symptoms, the directly operative and the 
remote, vary with the seat of the tumor and consist 
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of monoplegia, hemiplegia, eventually crossed cranial 
nerve palsies, bemianatsthesia, hemianopt^ia, cere- 
bellar ataxia (invoWemeut of corpora quadrigemina, 

cerebellum), aphasia, and basal symptoms (see Focal 
Diseaaee, Part IV., ;i). 

Focal symptoms may be absent, only suspected. 

Tumor of the corpora quadrigemina may produce 
acute internal hydrocephalus by causing pressure on 
the large veins of Galen, which prevent the flow into 
the third ventricles. 

Diagnosis.— The diagnosis is first made from the 
general symptomatology. 

To be excluded are, abscess of the brain (which 
Bee), hydrocephalus (nee also). The seat of the neo- 
plasm is to be determined according to the focal 
symptoms. See Section IV., 3, for the localizing 
symptoms referable to the anterior, middle, and pos- 
terior fossae of the skull, and for the individual lobes 
of the brain, the basal ganglia, the cerebellum, etc. 
For the topical diagnosis only the continuous, pro- 
gressive, direct focal symptoms are considered, not 
the indirect and transitory which vary in their in- 
tensity. Nevertheless it is not always possible to 
separate one from the other. The limit and the kind 
of the tumor are then to he taken into consideration 
(whether metastatic, tuberculous, luetic, etc.). 

Pathological. — For many tumors the location is 
characteristic. Tumors of the base are likely to be 
either gumma or sarcoma. Of the brain substance, 
glioma; cerebellar-pons tumor, solitary tubercle, 
glioma. Sarcomata are of rapid, gliomata of slow 
development. 

TVeafment. — On the slightest suspicion inunctions 
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of mercury and iodide of potassium, When the 
tumor is cortical, surgical aid may be invoked (see 
General Therapy). 

Aside from this, symptomatic treatment, nar- 

I-Cotics, bromides. 
" 4. INTERNAL HYDROCEPHALUS. 

Nature. — By this term is understood a pathologi- 
cal increase of the amount of the cerebro- spinal fluid 
in the ventricular spaces (lateral and third ven- 
tricles). 

External hydrocephalus is a collection of fluid in 
the subarachooidal space which communicates with 
the ventricles. Internal hydrocephalus may be con- 
genital or acquired. As causative are postulated 
inflammatory proceases of the ependyma of the ven- 
tricles and the choroid plexus, and in part an obstruc- 
tion to the escape of the fluid from the third ventricle, 
the result of inflammatory changes. 

If the hydrocephalus reaches a high degree, it pro- 
duces flattening of the cerebral convolutions, and dis- 
tinct decrease of the brain substance results from 
pressure atrophy. The circumference of the skull 
increases up to fiO cm., the normal being under 60 
for children. Accumulation of fluid in the third 
ventricle causes an outward convexity of the walls of 
the ventricles and pressure upon the surronnding 
structures or parts, such as the optic nerves, the 
chiasm (bitemporal hemianopsia), the motor oculiand 
facial nerves. 

Course. — In congenital hydrocephalus, as well 
in hydrocephalus that develops in early childhood^ 



J 



I 




170 ATLA8 OF THE NERVOUS BYCTEM. 

the occurrence of the disease causes idiocy, double- 
sided spastic -paralytic phenomena, and epileptic at- 
tacks. These children soon die. 

When the disease develops later in life, in adults, 
symptoms of meningitis, such as headache, vomiting, 
coma, optic neuritis, absence of fever, attended by 
exacerbations and remissions, mark the development 
of the hydrocephalus. Choked discs may also be 
present. 

Diagnosis. — Tumor of the brain cannot always 
be excluded with certainty, but absence of increase in 
circumference of the skull, rapid development of the 
tumor symptoms, and absence of remissions speak in 
favor of the latter. 

Treatment. —Surgicai procedures, puncture of the 
ventricle, or of the central canal of the spinal cord in 
the lumbar region, are of doubtful utility. Counter- 
irritation may be made to the shaved scalp. Symp- 
tomatic treatment. 

5. DEMENTIA PARALYTICA, PROGRESSIVE PARALYSIS. 

iVaiw re.— Progressive paralysis is dependent upon 
a degenerative process in the brain. In the cortex 
especially numerous non-medu Hated and med\il]at«d 
fibres as well as cells are primarily destroyed. The 
most marked in the frontal lobes. As the 
result of destruction of the fibres there is diminution 
in the size of the cortex and eventually atrophy of 
the entire brain. 

Aside from this there are found chronic change8 
of an inflammatory nature in the blood-vessels, in 
the glia, and in the meninges; hydrocephalus, etc. 
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The disease occurs more frequently in males, and 
with striking frequency in those who have had pre- 
vious luetic affection, so that, like tahes, it is recog- 
nized as metasyphilitic. It also develops after 
trauma. 

Course. — The degeneration of the cortical nerve 
elements leads to a progressive diminution of psy- 
chical functions, of the intelligence, character, 
memory, speech, and especially of the faculty of 
association. 

Change in the character of the patient is frequently 
the earliest symptom ; this may manifest itself by 
stupidity, irritability, tendency to excesses, inability 
to do mental labor, and by immorality. 

If the patient now consults a physician the follow- 
ing characteristic symptoms are to be observed : 

(1) Immobility of the pupils, unilateral or bilat- 
eral asymmetry of the pupils. 

(2) Paralytic speech disturbances, literal para- 
phasia, negligent, incorrect speech, omission and 
displacement of letters and syllables (for other speech 
disturbances see IV., 4). 

Analogous disturbances are to be seen in the pa- 
tient's writing and reading, omission of letters, 
syllables, words, and punctuation. 

(3) Loss of patellar reflex. Dementia paralytica 
may be associated with symptoms of tabes and also 
with symptoms pointing to involvement of the lat- 
eral columns of the cord (increase of reflexes). 

(4) Tremor of the hands, the tongue, and tremu- 
lousness of the lips on speaking. 

As the disease prc^esses paralytic attacks in the 
shape of apoplectiform loss of consciousness appear. 
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and these may or may not be accompanied by epi- 
leptiform attacks. After an attack is over the symp- 
toms of paralysis disappear. 

The psychical shortcomings increase and soon ex- 
pansive ideas, feelings of exaltation, or attacks of 
frenzy occur. The course of the disease is marked 
by periods of remission, during which time the pa- 
tient may for a considerable period appear quite nor- 
mal, but sooner or later the old conditions show 
themselves and unfortunately in a more aggravated 
form. 

Toward the end there is complete loss of all the 
psychical faculties, complete dementia. 

Death follows from exhaustion, or from pneumonia 
caused by the entrance of foreign bodies into the 
larynx, from a few months to two or three years after 
its onset. 

Diagnosis.— It is to be differentiated from severe 
neurasthenia (continued absence of objective symp- 
toms), from multiple sclerosis {which see), and 
from syphilis of the brain (well-marked focal 
symptoms) . 

Treatment. — Where it is possible, treatment is 
beat carried out in an institution. Symptomatic 
treatment. Anti-luetic treatment is rather harmful. 

6. OPHTHALMOPLEGIA. 

Double-sided paralysis of the eye muscles from 
disease of the nuclei of this nerve beneath the cor- 
pora quadrigemina arises with many different dia- 
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(a) Acute Ophthalmoplegia. 

This may be dependent upon the above-described 
hemorrhagic encephalitis, upon other hemorrhagic 
embolic processes, and it may develop with tumors. 

(6) Chronic Progressive Ophthalmoplegia. 

(Plate 83, 3.) 

This, with progressive bulbar palsy about to be de- 
scribed, belongs to the system diseases of the neuron 
cells (seeSeqtionlV., a). 

There occurs a slow, widespread cell atrophy in 
the motor oculi nucleus, which in the course of years , 
leads to a total paralysis of the external musclea i 
(more rarely the internal) of the eyeball. Naturally i 
with such a process the fibres of the motor oculi like- 
wise ati'ophy. 

This disease may occur by itself or it may be a 
part of the symptom complex of tabes, dementia 
paralytica, bulbar paralysis, and multiple sclerosis. 

Treatment. — Possibly anti-luetic. 

7. BULBAR PARALYSIS. 

(a) An acute form may be the result of a throm- 
botic, embolic, hemorrhagic, or iofiammatory proceiiw. 

The most common introductory apoplectiform 
83m3ptoms are paralysis o£ the tongue and throat; 
affection of the facial, ahducens, and trigeminal 
nerves, and disturbance of phonation and of breathing. 
Bulbar speech, paralysisof the extremities, and sudden 
death from paralysis of the heart and respiratioo. 
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TVeattnent. — Possibly anti-hiatic. 

(ft) Chronic prn^esaive bulbar paralysis (Plates 
72, 1; 56, 1). (Qlosso-labio- laryngeal paralysis pro- 
gressiva.) 

Nature. — Thia is dependent upon a slow progres- 
sive disappearance of the cells in the nuclear region of 
the medulla, especially in the nuclei of the motor 
nerves (peripheral neuron cells), the hypoglossus, the 
facial, the vagus -aecesaorius, and the trigeminus. 
Aside from this there is often disease of the pyram- 
idal tracts and the anterior horn cells of the t^pinal 
cord and there may be every gradation from simple 
bulbar paralysis to amyotrophic lateral sclerosis with 
bulbar symptoms (see further under " System Disea- 
ses," IV., 3). 

Concerning the actual cause of thia disease but 
little la really known. 

Course. — The clinical manifestations come on very 
slowly. The first symptom is disturbance in speech 
of a bulbar type; the letters r, s, I are the first to be 
formed defectively. After this there develops double- 
sided atrophy (with reaction of degeneration) and 
weakness of the tongue and lips which is associated 
with fibrillary twitchings and weakness of the power 
of swallowing, of phonation, and less frequently of 
the muscles of mastication. Eventually entire loss 
of expression of the features (only the inferior por- 
tion of the face is affected), salivation, paralysis of 
swallowing and of speech (anarthria) follow. Dis- 
turbances of sensibility are wanting. 

There are often psychical symptoms such as dispo- 
lition to cry, and if other systems are affected, such 
as the pyramids, there will be spastic paralysis of the 
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extremities. Atrophy of the muscles of the hands 
(see Amyotrophic lateral scleroais) may also occur. 

Death occurs from exhaustion and from the pneu- 
monia of swallowing. 

rreaimew/.— Symptomatic, electricity, baths, if 
necessary feeding by means of stomach tube. Ar- 
senic, strychnine, iodides, and atropine are useless. 

It is impossible to replace either the diseased gan- 
glionic cells or the atrophied fibre processes. 

Bulbar paralysis may be aimulated by other diseasee. 

(a) Peeudo-bulbar paralysis is caused by a double -sided le- 
sion (enibolism or bemorrhago) of the cortical substauce of 
tbe hemiaphereB, Tiiis may be the coudition when the facial- 
hfpoglosaal centres are injured on both sides and the synip- 
toma of bulbar paratysis follow, without, however, any at- 
tending muscular atrophy. There may be also at the same 
time diseased areas in the medulla. 

(b) Bulbar paralysis without anatomical findings. This is 
a combination of bulbar symptoms with weakness vt the ex- 
tremities and other muscles, paresis without atrophy. Here- 
tofore in these cases anatomical examination of the nervous 
system has been negative. 

Diagnosis. — These forms cannot be differentiated 
with certainty from the acute form of bulbar palsy. 
In hysteria and multiple sclerosis very similar clini- 
cal pictures may develop. One must weigh with 
great care all the individual points and factors in the 
disease before coming to a diagnosis. 

8. DISEASE OF THE CEREBELLUM 

has been spoken of under tumor and abscess. 

Other diseases of the cerebellum, such as atrophy 
and sclerosis, are of rare occurrence. 
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9. MULTIPLE CEREBRO-SPINAL SCLEROSIS. 

See Diseases of the spinal cord. 



B, Brain Diseases of Unknown Nature and 
Seat (Neuroses op the Brain). 

/. Neiirasthenia. 

Nature. — This with hysteria and hypochondria 
predisposes to the severer psychical diseases 
{psychoses) . 

Neuraatlienia is Iq part the result of faulty educa- 
tion and modes of life, mental strain, excesses of all 
kinds, and is in part (especially in those who are 
handicapped through heredity) the manifestation of 
a predisposition to weakness and irritability of the 
psychical and bodily functions. 

The patient la in bad spirits, has feelings of anx- 
iety, and is irritable; the will power and executive 
power are diminished and he is especially deficient 
in power of concentration. 

Other manifestations especially deserving of men- 
tion are: easily produced fatigue, morbid self -ob- 
servation (nosophobia, syphilophobia), sleeplessness, 
head pressure, tremor, and palpitation of the heart. 

A number of other bodily symptoms may compli- 
cate the clinical picture; these are abnormal sensa- 
tions of all kinds, pain, disturbance of the functions 
of the stomach (hyperacidity, nervous dyspepsia) and 
intestine, and sexual incapacity. See also Occupa- 
tion neuroses. 

In severe cases there develop delusions, claustro- 
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phobia, without, however, any other ntanifestationB 
of psychical disease. The typical course of neuras- 
thenia is an intermittent one; for a long time the 
patient feels very well, when suddenly he is thrown 
back into the former wretched condition. 

Diagnosis. — To be excluded by careful and- precise 
examination of the urine, lungs, heart, stomach, are 
other bodily diseases, dementia paralytica, multiple 
sclerosis, and hysteria. 

Treatment. — Congenial surroundings; careful ex- 
amination is an important therapeutic factor as well 
as a diagnostic help. It is a mistake to send such 
patients away without any objective point in view; 
the neurasthenic is really sick and should be treated 
accordingly. The nutrition should i>e stimulated by 
food, bathing, massage, gymnastics, electricity, ex- 
ercise, and by the administration of iron, arsenic, 
quinine. No morphine, no excessive medication. 

3. Hypochondria. 
Nature. — Patients with this disease are given, 
like in neurasthenia, to morbid self-observation and 
examination. Although their complaints change as to 
localization and intensity, the perverted sensations of 
hypochondriacs are more constant and localized than 
those of neurasthenics. Fears concerning the proper 
performance of the abdominal functions furnish the 
most common grounds for complaint. The influence 
of these sensations on the mind is lasting and they 
are worked over in the patient's thoughts and system- 
atized. Thedissonanceof the hypochondriac is much 
more deeply seated than the superficial form in neuras- 
thenia. The neurasthenic speaks openly and freely. 



178 ATLA9 OF THE NERY0U8 BTSTHM, 

the hypochondriac frequently nurses and keeps his 
complaint to himself. 

Diagnosis. — To he excluded are diseases of the 
stomach and intestine, such as carcinoma and taenia. 
To differentiate it from paranoia with its systema- 
tized delusion it is necessary to observe the course of 
ihe disease carefully for sometime. 

For treatment see neurasthenia. 

S. Hysteria. 

Nature, — Hysteria is a psychosis, characterized 
by pathological disturbance of mental conception and 
the will, which leads to an inexhaustibly large num- 
ber of functional anomalies of the motor and sensory 
parts of the body for the explanation of which no 
organic lesion can bo foimd. In all its manifesta- 
tioDS it is psychically tinged. 

Course. — It occurs most often in the yoking. He- 
redity, faulty education, and alteratious of feelings 
and sentiments are of great importance in the causa- 
tion of the disease. 

The mental condition in hysteria is so changed 
that tho patient becomes more susceptible to strange 
influences (siiggestion) as well as to ideas originating 
within himself (auto-suggestion), and thus becomes 
a victim to psychical and bodily reaction. These 
patients are irritable, moody, capricious, distracted, 
and explosive. Their intellectual faculties are un- 
affected. 

The bodily symptoms are : 

(1) Persistingly existing stigmata, which, 
ever, may be absent. 

(2) Hysterical attacks occurring intermittently. 
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(T) The Stigmata. 

(a) Hemi anaesthesia, total loss of seneibilitj of an 
entire half of the body or of a single area, for all 
forms of irritation (analgesia, etc.). 

At the same time the senses of smell, taste, and 
hearing may be lost on the same side of the body. 
Color sensibility may be disturbed (achromatopsia) 
and the visual fields narrowed. Patient easily 
fatigued. 

The hemiancesthesia is caused by the Iobb of asso- 
ciation of impressions conveyed to consciousness. 

(6) Hyperiestheaia of a half of the body, or a por- 
tion of it, manifested by excessive sensitiveness 
(ovarian pressure pain, vertebral column pain). 
Pressure on these points (hysterogenic zones) will 
often give rise to an hysterical attack (loss of cen- 
tral associative limitation). 

Pain of every kind, abnormal sensations, globus 
hystericus, sensation of a ball in stomach are very 
variable symptoms. 

(c) Hysterical paralyses may simulate every form 
of paralysis. They are of central origin and depen- 
dent upon paralysis of the will. They may disap- 
pear as abniptiy as they came. 

The most common forms are hysterical paralysis 
of the vocal cords (aphonia), paralysis of writing, 
speaking, and swallowing, hysterical hemiplegia 
without facial and hypoglossal involvement, hysteri- 
cal disturbance of gait (inability to stand, astasia, and 
to go, abasia), and compulsory movements of every 
yariety. Retention of urine. 

(d) Hysterical contractures are dependent upon 






r 



ATLA8 OF THE ITERVODS BTSTEM. 



central irritations of a purely functional sort. There 
may be the different forms of contracture in the 
flexors and extensors of the bead and eztremitiea. 

(3) Hysterical Attacks. 

Irritative symptoms of central origin, which ap- 
pear in various forma and combinations, partly of 
spontaneous origin and in part called into being by 
some reflex excitation such as fright, affectation, 
sensations, etc. 

Clonic, tonic convulsions of the extremities and of 
the body, qaicfely changing from one to the other, are 
the principal symptom. Breathing is increased and 
dyapnceic, coneciousnesa ia seldom altered to any ex- 
tent, but there is loss of memory for the attack 
(amnesia). 

The convulsions produce in a wild manner the 
moat bizarre positions of the body (clownism, arc de 
cercle); spasmodic movements of the extremities 
(grand hysteria), trismus, convulsive movements of 
swallowing, laughing, crying, etc., all occur with 
varying severity. 

During the attack there are often hallucinations 
and disagreeable mental possessions, which may be 
manifested by shrieks, insults, gesticulations, grim- 
aces, etc. 

There never occurs such deep coma as in an epi- 
leptic attack. The reflexes remain intact. In order 
to awaken the patient, all that is necessary in the 
milder attacks is to dowse him with water, while in 
the more severe attacks the painful prick of a pin will 
succeed (soles). 

Characteristic of hysterical attacks are the exag- 
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gerated, mannerleBS, changeable manifestation of the 
coDTulsions, the terminableness of the attack, and the 
susceptibility of the attack to psychical influence 
(suggestion) . 

To the psychical conditions are attributable differ- 
ent disease manifestations, which in some instances 
are known under individual names, such for example 
as akinesia algera, pain on movement without any 
attributable cause therefor; chorea olectrica, sudden 
backward movements of the body; paramyoclonus 
multiplex, changeable variously localized clonic con- 
traction of muscular fibres of biceps, quadriceps, 
supinator longus, deltoid, etc., and astasia-abasia, 
etc. 

Diagnosis.— For the diagnosis it is necessary to 
take into consideration the entire picture which has 
been delineated above; the presence of individual 
ajonptoms is not sufficient for a diagnosis. The 
significance of stigmata is great. The diagnosis is 
to be reached only after most careful examination. 

It is not possible in every case to differentiate it 
from neurasthenia, yet in most instances this or that 
symptom will bespeak the one or the other disease. 

In the more severe forms of hysteria the psychical 
disturbance may be brought prominently into the 
foreground (moral defects). 

Treatment, — Judicious mental discipline, regular 
and absorbing occupation, awakening of confidence 
in the will power, exclusion of nervous, over-consid- 
erate members of the family (treatment in an insti- 
tution), considering the attacks as a mere bagatelle, 
regulation of the nutrition, massage, douches, etc. 
Possibly the adminictraiion of iron and bromides 
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(their utility is insignificant compared with other 
measures), but never morphine. 

Hypnosis affects only individual symptoms, very 
rarely the disease itself, and oftentimes it causes nevr 
symptoms, 

The influence of a rational, not directly hypnotic, 
psychical (suggestive) mode of treatment is by far 
the better. 

U. The Traumatic Neuroses. 

Nature. ^^Sojne of these cases belong with neuras- 
thenia, others with hypochondria and hysteria. 
They have in common with these that they result from 
trauma, psychical and physical, and mostly in indi- 
viduals who are predisposed to nervous disease by 
heredity, alcoholism, etc. 

The possibility, moreover, that the motive is to ob- 
tain money such as from accident insurance com- 
panies should always be taken into consideration with 
these patients. The border line between purposive 
exaggeration and pathological psychical limitation is 
often difScuIt to lay down. 

Opinion. — On therapeutic grounds one must de- 
termine not so much the injury as how far it inca- 
pacitates the patient from work. Only in excep- 
tional cases shoulil one give a definite opinion before 
he has had abundant opportunity to watch and ex- 
amine the patient. 

In this category belong the neuroses developing 
after railway accidents (railway spine) and other 
accidents. 

For treatment see neurasthenia and hysteria. 
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5. Heinicrania, Migraine. 

Nature.^Thia conaista of periodical, recurring 
attacks of Bevei'e headaclie limited to one-half of the 
head and aBsociated with drowsiness and vomiting. 
It arises spontaneously or in combination with other 
nervous symptoms, and it often occurs in families. 
In some cases it is possibly reflex {from the nose, 
stomach, genital organs) in origin. The duration 
and frequency of attacks are very variable. 

Disturbances of vision, such as scintillating scoto- 
mata, obscuration of part of the field of vision, etc., 
may accompany or precede the attack. Hyper- 
acidity (toxic manifestation?) is often present. 

Treatment. — Carlsbad cure, treatment at bathing 
establishments, iron, arsenic, removal of any attrib- 
utable cause. Symptomatic, the salicylates, anti- 
pyrin, caffeine, mustard baths, counter-irritation, 
rest. Never morphine ! 



6. Cephalalgia, Habitual Headache. 

Headache is frequently only a symptom of other 
disease, such as fever, disturbances of circulation, in- 
toxications, tumor, etc. In nervous patients it may 
be a cardinal symptom, 

It is to be differentiated from the condition just 
mentioned above, from any diseased condition in the 
anterior cranial fossa, and from ocular conditions 
such as myopia, asthenopia, etc. 

Treatment. — See neurasthenia. The nei-vines. 
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^^H 7. Genuine Epilepsy. 

^^^M By epilepsy is understood the occurrence of peri- 

^^^1 odical attacks of so-called epileptic fits. From the 
^^^f genuine form is to be separated the form known as 
B Jacksonian or symptomatic epilepsy, which has been 

I considered above in connection with focal disease of 

■ the brain. 

^^H The occurrence of an epileptic attack is supposed 

^^^1 to be dependent upon alteration in the brain cortex, 
^^^ especially of the central convolutions; nevertheless 
the cortical origin is disputed. It is supposed that 
the cause of an attack is some irritation of the cor- 
tex, analogous to what is probably the explanation of 
attacks of symptomatic epilepsy, where the irritation 
is from a scar, splinters of bone, or inflammatory 
products, etc. From this focal point where the irri- 
tation is supposed to be, the excitation passes (through 
association tracts?) to other neighboring motor cen- 
tres, inhibits or excites them, and the result is an epi- 
leptic attack. 

As causative of genuine epilepsy may be reckoned 
heredity, trauma, and the infectious diseases. It 
occurs most frequently in youth and varies greatly 
in intensity and duration. The attacks occur either 
in a severe (epilepsy major, grand mal) or mild (epi- 
lepsy minor, petit mal) form, and they may also be 
manif^ted by a psychical equivalent, psychical epi- 
lepsy. 

Attacks.— A typical attack begins with the aura, 
headache, confusion, vertigo, optic or acoustic sen- 
sations, which lead np to the attach 

The patient falls to the ground unconscious and 
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lies in a coodition of tonic Bpaani, partly in a flexed 
tonic condition but mostly in a condition of extensor 
spasm. The reflexes are lost, the pupils dilated. 
After a time (up to half a minute) this is followed by 
a clonic manifestation, consisting of severe, violent 
convulsions of the muscles of the extremities and other 
muscles, accompanied by frothing at the mouth and 
Mting of the tongue. 

After a few minutes the severity of the spasms 
abates and the patient passes into a comatose condi- 
tion, from which he awakens after a longer or shorter 
time. Headache, mental confusion, fatigue may be 
of much longer duration. There is generally partial 
or complete amnesia of the attack. In milder attacks 
the period of tonic and clonic spasms is very much 
shorter, while in the equivalent form there may be 
simply a momentary dream-like confusion (state of 
confusion), but maniacal excitement, delirium, and 
hallucinations may also occur. The attacks may 
come only at night, when the disease is called noctur- 
nal epilepsy. If attacks seem to follow one another 
closely and without interim, this dangerous condition 
is known as status epileptieus. 

In many cases, but not in all, there occurs after 
long continuance of the disease, psychical degen- 
eration. 

Diagnosis. — To be excluded are: hysterical at- 
tacks, Jackaonian epilepsy (focal symptoms when the 
disease first showed itself), attacks of urcemia 
(urine), simulation (reflexes not lost, prick of the 
sole), epileptiform attacks of dementia paralytica 
(the history and iiie longer duration), 

Treatment. — Bromide of potaasium 3ia8, to 3 iv. 
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daily and opium in from 1 grain to 15 grains per day 
for a long time [6 weeks], followed by bromides, are 
the most useful measures. Hydrotherapy, abstinence 
from alcohol, vegetable diet. In well-marked focal 
attacks the question of surgical interference may arise. 

S. Infantile Eclampsia. 

Nature. — It occurs in children in the first years of 
life. A great number of diseases may lead up to the 
occurrence of convulsions in children, such as affec- 
tion of the stomach, intestines, teeth, rhacbitis, etc. 
(defective reflex inhibition in the nervous system of 
thocbild, the pyramidal tracts are not yet raeduUated). 

The convulsive attacks consist of tonic and clonic 
convulsions of the entire body, which are frequently 
accompanied by shrieks of a convulsive nature. 
Epileptic attacks later in life rarely follow. 

Diagnosis. —To be excluded is tuberculous menin- 
gitis (basal symptoms, fever). 

Treatment. — Remove causative conditions (wormB, 
defects of nutrition), administer bromides, warm 
baths, counter- irritation, cold sponging. 

9. Chorea Minor ; Sydenham's Chorea; St. 
Vitus' Dance. 

Nature. — A disease of childhood. Neither its 
cause nor its location is known. It is thought to be 
of infectious origin. Of importance is its frequent 
association with acute rheumatic polyarthritis and 
rheumatic endocarditis. It also often occurs witii 
pregnancy, this form being especially severe. 

Chorea. — Chorea consists of involuntary, uncon- 
trollable, irregular movements of the fingers, hands, 
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artDB, legs, bead, and face muscles and tongue. In 
all the muscles submissive to the action of the will 
there is a condition of continuous activity, so that it 
is impossible to keep the body or the extremities 
quiet for a moment. Individual ca^es vary from a 
slight involuntary movement of the finger (which is 
often looked on in the schools as a manifestation of 
naughtiness) to the most extravagant action of the 
muscles {folie muaculaire) . In these severe cases 
speech, walking, and eating are impossible. Chorea 
may limit itself to one-half of the body (hemichorea). 

At night the restlessness and movemeats may cease. 
The duration of the disease is from a month to a year. 
Relapses are frequent. It is exceptional for recovery 
not to take place eventually, 

Treatment. — Arsenic, antipyrin, salol, bathing, 
improved nutrition, forbid going to school. 

Entirely different from chorea minor is 

10. Chronic Hereditary Chorea {Huntington's 

^ Chorea) . 

W It occurs at a more advanced age and in families. 

'•'The disease is of unknown nature and consists of 
irritation, motorial symptoms, individual contrac- 
tions which increase in extent and intensity with 
years. This is associated with progressive failure of 
the mental faculties. Recovery is unknown. 

DifferJDg from tliin is the maladie dea tics convulstfa (ticgi- 
nirol), insomuch aa the development of the involuntary co-or- 
dinated convulsive oiovemgntaof the face, throat, and hand 
muscles is associated with compulsoril; produced speech move' 
iiientB, profanity, insults, etc. (echolalia, coprolalia). Its 
course is very chronic. 
For chorea eleotrica see hysteria. 
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11. Paralysis Agitans {Parkinson's Disease). 
Nature. — This occurs only in the more advanced 

periods of life. Its cause is unknown. Anxiety, 
care, etc., have been attributed as causes. 

Course. — It begins with a pecuHar, slow, rhythmi- 
cal tremor, movement of the arms and hands (simi- 
lar to the movements of rolling a pill). This tremor 
continues during rest and is made worse by excite- 
ment. In the course of years the tremor invades all 
extremities, the head and lips become involved. The 
posture of the body is characteristic, a forward bent, 
rigid, stooping attitude. During sleep the move- 
ments cease as a rule. Toward the end paralytic 
manifestations appear. The disease is incurable. 

Treatment. — Rest, nutrition, bromides. 

12. Myotonia Congenita {Thomseii's Disease). 

This is a rare disease of a family type. The pa- 
tient is prevented from making any voluntary move- 
ment, especially walking, by spontaneously occurring 
spastic resistance of the muscles. Psychical irrita- 
tion increases the spasticity of the muscles (simi- 
larity to stuttering). 

Treatment. — Baths, gymnastics. 



III, THE DISEASES OF THE SPINAL CORD. 

A. Diseases which are Prbpondeeatingly 

Focal. Tramsvbrse Lesions. 

Diseases of the Membranes of the Spinal Cord. 

The membranes of the spinal cord become diseased 

most often secondarily to those of the brain, rarely 
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alone. The most frequent combination ia cerebro- 
spinal meningitis and the purulent form; less fre- 
quently the tubercular form. The anatomical condi- 
tions are similar to those in the same disease of the 
brain. 

The clinical symptoms pointing to involvement of 
the spinal meninges are often obscured by the pre- 
ponderance of those pointing to brain involvement. 
Irritation symptoms pointing to involvement of the 
spinal roots (reflexly through the posterior, or direct 
through the anterior) are stiflPness of the neck (roots 
of the upper cervical cord), opisthotonus {dorsal cord 
roots), radiating pains, and paralysis of the bladder. 

Nevertheless these are not so pathognomonic, for 
frequently cerebral influence cannot be eliminated. 

Individual forma are: 

1. Hypertrophic Cervical Pachymeningitis. 

Nature. — It consists in the formation of a thick 
inflammatory membrane on the dura, especially on 
the cervical portion, which adheres to the other 
membranes and causes compression of the cervical 
roots and the cervical cord. The etiology of the dis- 
ease is unknown. 

Cowrse.— The symptoms are those of focal lesion 
in the cervical cord (see Part IV., 3), combined VFith 
severe radiating irritative root symptoms, such as 
severe neuralgic pains in the back of neck and shoul- 
ders, paralysis and muscular atrophy in the regions 
supplied by the i.lnarand median nerves; the small 
muscles of the hand and the flexors of the forearm 
are especially involved, and as a result of the activity 
of the antagonistic muscles (the musculo-spiral mua- 
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cnlature) the bands atisume the position known as 
the " preacher hands," 

Improvement is poBsible. 

Treatment. — Possiblyanti-lnetic, electricity, symp- 
tomatic; actual cautery to the neck. 

3. Syphilitic Spinal Meningitis. 
Nature. — This is analogous to syphilis of the cere- 
bral meninges, and is attended by the formation of a 
diffuse membranous exudation. The lesion is in the 
meninges of the spinal cord 
(pia mater) either in con- 
nection with syphilis of the 
brain or without it. This 
s\-philitic disease is charac- 
terized by the presence of a 
gummatous, flattened new 
formation, which macroseo- 
pically appears asa thick, re- 
sistant, gelatinous covering 
and which when seen on cross section (see Fig. 
13) seems to surround the entire cord and in certain 
places to grow into the substance of the cord. The 
moat common location is the dorsal cord. The ar- 
teries show changes similar to those that are found 
in endarteritis luetica in the brain. The nerve roots 
are penetrated by the new growth, and tumor-like 
gummatous formations are often present. In ac- 
cordance with these findings the conditions are re- 
ferred to fia syphilitic men in go- myelitis, meningo- 
neuritis, and meningo-arteritis. 

CoHTse.— The symptoms, which are the result of 
compreseioH, vary according to the extent of the le- 
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aion and the intensity of the pathological process. 
They are severe paiua occurring paroxysmal ly, spas- 
tic paraparesis of the legs, which is not infrequently 
more severe in one leg than in its fellow (suggestive 
of half-sided lesion), increased reflexes, disturbance 
of the function of the bladder and rectum (retention), 
mild disturbances of BensibiKty such as parseathesia. 

Diagnosis.— 'Espeoia.U.j characteristic is the vari- 
able coming and going of the symptoms; improve- 
ment and recurrence alternate. Eventually there 
are frequently brain symptoms such as paralytic 
phtnoment* (basal). 

The knowledge of previous specific infection is the 
most important diagnostic factor. 

Treatment. — Anti-luetic treatment even in suspi- 
cious cases, inunction cure, injection cure, potassium 
iodide. Frequently we can expect only partial recov- 
ery (when the degenerative process is extensive). 
Symptomatic. Baths. 

S. Compression of the Spinal Cord (Compression 

Myelitis) . 

(Plates 54, 3 and 3 : 89, 3.) 

Nature. — Although compression of the spinal cord 
may be the result of different processes, it is possible 
to speak of the various conditions here together. 
Frequently in the diagnosis of individual cases we 
are able to say that compression exists ; but how it is 
compressed remains in the dark. 

Compression of the spinal cord may be caused : ■ 
1. By disease of the bone, such as caries of the 
body of the vertebrae, which allows of cord compres- 
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sion by purulent foci; proliferation of grauulationa 
in the membranes of the cord (meningitis tubercu- 
losa) ; sequestra ; by sinking in of the vertebKe, the 
result of undermining of the vertebral canal; by- 
carcinoma of the vertebrie and by traumatic frac- 
ture and dislocation of the spinal column. 

2. By diseases of the membranes, pachymeningitis, 
syphilitic meningitis, tubercular meningitis, by sar- 
coma, lipoma, fibroma, and echinococci formations 
in the membranes. 

3. By diseases of the spinal cord, such as glioma, 
sarcoma, and gumma. 

By far the most common caus^ of compression are 
caries and carcinoma. 

As a result of compression there occurs severe in- 
jury to the involved segment of the cord and the nerve 
cells and fibres that are connected with it. These 
undergo degeneration and become destroyed, never- 
theless an actual myelitis is not the rule. 

Course. — The most important symptoms of com- 
pression are the irritation root-symptoms, consisting 
of severe radiating pains which are frequently mani- 
fested in the peripheral distribution of the nerves 
(neuralgiform) and partly girdle-like about the 
trunk, soon passing into the extremities. These fre- 
quently produce reflex contractions in the muscles 
of the extremities (muscles that do not contract to 
the will). Hyperesthesia and parsesthesia may ac- 
company these pains. As an irritation root-symp- 
tom must be classified the stiffness of the neck and 
of the back. The other symptoms, varying accord- 
ing to the seat of the lesion in the cervical, dorsal, 
lumbar, sacral cord or cauda equina, consist of par- 
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alysia, partly spastic, partly Saccid, atrophy of the 
muscles, and disturbances of sensibility and of the 
bladder. The moat frequent form is compression of 
the dorsal cord, and in this there are spastic paraplegia 
of the legs, disturbances of the bladder and of sensi- 
bility, the arms remaining intact. 

Death occurs from the original disease and from 
cystitis, exhaustion, and bed-sores. 

Diagnosis. — First it is necessary to diagnose a 
compression, then the level of the compression. To 
do this one succeeds best in the following way : 

One first determines which extremity is paralyzed. 
When only the legs are affected the patellar reflexes 
are tested. If these are lost, the seat of the lesion is 
in the lumbar cord {possibly the roots of the cauda 
equina). The patellar reflex is preserved when the 
sciatic fibres alone are compressed. If the knee jerk 
be increasetl, the seat of the lesion must be above the 
reflex arc, that is, in the dorsal or cervical cord. 

If there be no distiirbauce of the arms, especially 
no muscular atrophy of the hands, the seat of lesion 
ia in the dorsal cord. 

More exact localization is possible by examination 
of the muscular atrophy which eventually occurs (re- 
action of degeneration), and by the disturbances of 
sensibility, the height it reaches, etc. The seat of 
the lesion is often placed too high; we are not yet 
auflSciently familiar with spinal localization to fix ac- 
curately the disease process in any single segment. 

When one has localized the seat of the lesion as 
precisely as possible he should then compare the seg- 
ment or segments with Plate 23 and determine what 
spinal process or processes the lesion corresponds to, 
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aad then tbm locality thos decided opon and the mo- 
Wity ct tbe ^nnal colimm of it eitonld be eiamined. 

In order to diagimm-- the variety of compressioo 
process it is aeceeeaxj bo bear in mind the foUowiog 
facte: 

In faTor of caries speak yoatfa of the patient, 
change in tbe spinal column, angular kyphosis, pain 
on pret«iure, the occurrence of gravitation abscesses, 
fever if cystitis can be excluded, tuberculosis of 
other parts, and a protracted course. 

In favor of carcinoma speak a more advanced age, 
cachexia, metastasis, a more rapid course, and in- 
tense pain. 

In favor of glioma of tbe cord are symptoms limited 
to one side. 

In spite of all these considerations it is frequently 
impoHKi'ble to reach a positive conclusion and it must 
be remembered that compression itself, in spite of the 
proliferation (central gliosis), outspoken symptoms 
which it generally causes, can-not always be detected. 

Treatment. — In caries spinal extension, arsenic, 
operative (?) ; in tumor surgical (.^ee General Part) ; 
in most cases symptomatic, regulation of the func- 
tions of the bladder (catheter), morphine. 

.4, Acute and Chronic Myelitis. 

(Plates 69, 1 aad. 2; 57. 2 and 3.) 

Nature. — Under the name myelitis are included a 
number of diweases which are very unlike from an 
utiulogicnl standpoint and a niunber of them from an 
anatoiuicAl MtiiiidpoiDt ns well. 

In ull of them there is foimd in certain areas of the 



cord a diffuse fociia of degeneration o 
of nerve bundles, and in its place a mass of newly 
formed glia tissue with more or leas marked round- 
cell infiltration, changeH in the walla of the blood- 
vessels, etc. 

Such processes are probably mostly of toxic origin, 
the result of infectious diseases such as typhoid fe- 
ver, influenza, pyjeniia, gonorrhoea, erysipelas, syph- 
ilis, etc., and in part of a direct infectious nature. 

They are divided according to their clinical course 
into acute (of a few weeks' duration), subacute (of 
some months'), and chronic forme, 

The most frequent seat of the myelitic area is the 
dorsal cord and the most frequent form is of luetic 
origin. 

Course. — The symptoms are very variable accord- 
ing to the seat of the lesion (see Section IV., 3). 

The most common form (dorsal myelitis) causes a 
spastic paraplegia of the legs, without severe attacks 
of pain, although tho latter may occur; disturbances 
of the bladder and of Rensibility, pariesthesias ; dis- 
turbance of co-ordination of the legs may also occur. 

In lumbar myelitis: daccid paraplegia of the legs, 
loss of reflexes, paralysis of the bladder, etc. 

In cervical myelitis : spastic paraplegia of the legs, 
atrophy of the arm muscles, etc. 

Bed-Bores and cystitis frequently indicate the be- 
ginning of the end. 

Diagnosis. — To be excluded are compression mye- 
litis (which see). For localization of lesion see the 
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Treatment. — See compression myelitis. 

When of syphilitic origin, mercurial inunctions. 
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The resulta of treatment depend upon the amount 
of degeneration that has gone on and the possibility 
of checking the process. 

5. Syringomyelia. 
(Plate 70, land 3.) 

Nature.- — One includes under this name such focal 
diseases as lead to abnormal cavity formation within 
the spinal cord. Such cavity formation-s are de- 
pendent on many difEerent causes. They may be 
congenital or they may develop later in hfe, a late 
congenital protal manifestation (hydroniyelia), or 
they may arise from the occurrence of central glia 
proliferation (central gliosis), or from unknown 
causes after trauma, hemorrhages, etc. 

The cavity formation may extend throughout the 
entire lengtli of the cord and it may also extend into 
the medulla. The most frerjuent location is in the 
cervical cord, and therefore the most important symp- 
toms are referable to this part of the cord. 

As the result of cavity formation, which usually 
begins in the vicinity of the central canal, there is a 
slowly progressive destruction of the central gray 
substance of the anterior and posterior horns, and of 
the nerve fibres and cells that are therein contained. 

Course. — The individual symptoms of such a con- 
dition are not characteristic; their combination or 
association, however, are pathognomonic. 

They are: 

(1) Progressive muscular atrophy and paralysis, 
especially of the upper extremities, in some cases of 
one aide, in others of both sides. The small muscles 
the hand, the triceps, etc., are most frequently 
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affected. The atrophied muscles show fibrillary 
twitchiDga and reaction of degeneration (degenera- 
tive atrophy, disease of the peripheral neuron cells) . 

(3) Disturbances of sensibility in the arms, espe- 
cially analgesia and thermo-ansestheaia with intact- 
nesH of the sense of touch (dissociation of anaes- 
thesia) . 

(3) Trophic disturbances in the fingers and joints, 
auch as necrosis, purulent formation, subluxation, 
and thickening. 

To this there may be added spastic paralysis of the 
legs or such bulbar symptoms as spinal accessory and 
hypoglossal paralysis. Cases having an atypical 
course are not uncommon. 
I The process is a slowly progressive one, 
" Diagnosis.— To be excluded is spinal muscular 
atrophy (sensibility normal). Atypical cases are 
difiScult to recognize. 

Treatment. — Symptomatic; electricity, haths, etc., 
are useless. 

S. Hemorrhages into the Canal of the Spinal 
Cord. 

(Plate 56, 8.) 

These may be extramedullary, localized in and be- 
tween the membranes (intrameniugeal apoplexy), or 
they may take place into the substance of the spinal 
cord (hgematomyelia). 

These hemorrhages are mostly traumatic, the in- 
trameniugeal form simulating in its symptomatology 
spinal meningitis, only tliat the symptoms are a 
dated with and follow tramna. The symptoms are 
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^HbrrtatioD Foot-s)~inp[onis, paraplegia, and disturbance 

^" of tbe bladder and of sensibility. 

The symptoms of haematomjelia form in brief the 
same combination as syringomyelia, only that they 
come on in an apoplectiform way after trauma and 
vary in severity and estent according to the seat and 
extent of the lesion. The exact diagnosis is to 
made by a consideration of the above-mentioned pi 
ciples (see page 193). 

7. Multiple Cerebrospinal Sclerosis {Sclerose 

► Plagues) . 

(Platea 71, 1 to 4; 57, 5.) 
Nature. — The nature of this disease still reraail 

a riddle. It consists in the occurrence of numerous, 
small, irregular scattered foci of disease {primarily 
encephalitic ?).in the brain and spinal cord, With- 
in each of these foci the medullary substance and the 
nerve fibres that pass through perish, while the axis 
cylinders persist and functionate for a long time; 
there may be also an incomplete interruption of 
fibres. Tbe disease occurs most frequently in the 
youn(^ after acute infectious diseases (?). 

Course. —The symptoms are slowly progressive. „ 

At first there is some disturbance in performing 
certain movements, weakness and uncertainty of tbe 
arms and legs, tremor on attempting to grasp an ob- 
ject (intention tremor), and the gait becomes weak 
and uncertain (spastic-ataxic). , 

Aside from these there is nystagmus, scanning 
speech (discontinuous, stopping speech), slight blad- 
der disturbance, optic atrophy (not always). Tlj^^^J 
trefiex is increased. From time to time afli^^^^l 
M 
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plectiform attacks occur. Sensibility is but little dis- 
turbed ; there may be par£B3thesi£e. From this typi- 
cal form there may be every imaginable deviation, 
dependent upon the localization of the foci, so that 
these "formes fruatea" of multiple aclerosis give 
abundant opportunity to confound it with a number 
of other diseases. Many of the above-mentioned 
symptoms may be absent. Sometimes the ataxia 
comes prominently into the foreground, sometimes 
the spastic paresis of the legs, and sometimea the 
bulbar symptom a. 

The disease puraues a very chronic course ; transi- 
tory improvementa are frequent. Toward the end 
intelligence may fail. 

Diagnosis. — To be ruled out are: neuraathenia, 
hysteria (and similar disease conditions), dementia 
paralytica ^pupils, history). Other spinal-cord dis- 
eases, such as myelitis, spastic spinal paralysis, can- 
not always be excluded with certainty. 

Treatment. — ^Gymnaatics, batbs, rubbing, symp- 
latic. 



E. System Diseases. 



Concerning the nature of these see Section IV., 3, 
page 110. The greater number of them develop very 
slowly and are progressive and incurable. When the 
cells and fibres of the spinal cord undergo d^enera- 
tiou they cannot be restituted. 

^ 8. Spastic Spinal Paralysis. 

{ (Plato 75, 1 to 4 ; Plate 57, 6.) 

I Nature. — This is a rare disease. It consists of a 
symmetrical primary degeneration of the pyramids 
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(central motorial neuron complex), which goes on to 
destruction. 

Course. — The disease begins in youth (children?) 
with alow and increasing spastic paralysis of the legs, 
arms, and muscles of the face, without muscular 
atrophy and without disturbances of the bladder or 
of sensation. The tendon reflexes are increased (pa- 
tellar, foot phenomena) . 

Diagnosis. — There are other forms of double-sided 
spastic paralysis such as the cerebral (?) spaHtic par- 
alysis of children, of multiple sclerosis, hydrocepha- 
lus, myelitis, etc. In these cases there will be accom- 
paniment of other symptoms (mixed cases), but 
nevertheless not in all of tbem. 

9. ATnyotrophic Lateral Sclerosis. 
{Plate 72, 2.) 

Nature. — In this disease, in addition to diSBase of 
the pyramidal tract, there is involvement of the mo- 
tor cells of the anterior horns (peripheral neuron), 
especially in the cervical cord and later of the me- 
dulla nuclei (see Section IV., 'if). 

Course. — The disease begins in adults with the 
appearance of weakness and atrophy of the muscles 
of the hand (interossei, thenar) and at the same time 
or perhaps a little later with a spastic paretic distur- 
bance of gait. The atrophy in tho arms develops 
slowly (for further details see "Spinal muscular 
atrophy"). Fibrillary twitchings and reaction of 
degeneration occur in the degenerating muscles and 
eventually the arm and the shoulder muscles entirely 
disappear, the reflexes remaiaing, even exaggerated, 
and the legs manifetst the spastic paralysis. The 
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patellar reflex is exaggerated; ankle clonus is pres- 
ent. Vesical and cutaneous sensibility are normal. 
Pain occurs especially in the arm muscles. To these 
symptoms may be added early in tho course of the 
disease symptoms of progressive bulbar palsy (which 
Bee). 

Treatment. — Symptomatic, electricity, baths, ar- 
senic, feeding by means of the stomach tube. 

JO. Spinal Progressive Muscular Atrophy. 
(Plates 73. 3; 5G, 6; 55, 2; 77. 4; 58, Sand 3.) 

Nature. — A slow, progressive degeneration due to 
involvement o£ the motor ganglion cells in the gray 
anterior horns of the spinal cord, especially in the 
cervical portion. The pyramidal tracts are not in- 
volved. The muscular changes consist of a slow de- 
generative atrophy of the individual fibrillje. There 
is a striking proliferation in the nuclei of the sheaths 
of tho fibrillas, the protoplasm diminishes, yet very 
small fibres may sliow distinct transverse striation. 
Toward the end this disappears like the rest of the 
protoplasm and there remains only the connective- 
tissue portion of the fibre. 

Course. — The clinical symptoms are those of 
amyotrophic lateral sclerosis minits the spastic phe- 
nomena. The disease is very gradual in its develop- 
ment, the atrophy showing itself first in the small 
muscles of the hand, but eventually all the arm mus- 
cles are included. The shoulder muscles show fibril- 
lary contractions and reaction of degeneration. The 
function of the bladder and sensibility are undis- 
turbed. Duration from one to several years. The 
atrophy of the thenar muscles causes inability to 



k 






202 ATIAB OV THE KKKTOrS ETSTKK. 

bring the tfaamb in oppceiticm with tbe other fitters, 
ape hand. The d^toid moscles atrophv freqaently 
before the other af^r arm and shonlder mnsdee. 

Tbe neck muscles, tbe intercostals, and very rarely 
the diaphragm may be involved. 

Symptoms of bulbar palsy may foUow the develop- 
ment of the disease or tbey may be simultaneoos. 

Diagnosis. — See below under PK^ressive muse 
lar dystrophy. 

Treatment. — See Amyotrophic lateral sclerosis. 

Supplementary to this should be considered what 
is called neural muscular atrophy, the so-called 
peroneal type of progressive muscular atrophy (Plates 
38,4; 77, 6). 

In this family form of atrophy the peroneal mos- 
cles, the tibialis auticus, etc., become diseased simul- 
taneously or before the small muscles of the hand. 
This gives rise to a paralytic club-foot, following 
which is the peroneal gait; abnormally high eleva- 
tion of tlie thigh, the tip of the foot being dragged. 
Tbe patellar reflex is lost. Slight seusoiy disturb- 
ance of tbe toes and fingers. The muscular atrophy 
in the arms and legs progresses slowly, 
cally there are found degenerative changes in the 
peroneal, meilian, and ulnar nerves, and also in the 
lower lumbar and cervical cord (anterior bom cells?). 

11. Progressive Muscular Dystrophy {Primary 

Myopathy). 

(Plate 58, 3.) 

Nature. — It is impossible to say with certainty 

whether this disease is of spinal origin or not, as the 

changes that have so far been found have been in the 
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muscleB themselves. As the terminal member of the 
large group of motorial system dieeaHes its conaider- 
ation belongs here. 

The muscle fibrillee undergo an uncommonly slow 
atrophy, not degenerative. The individual fibres be- 
come smaller and toward the end disappear. The 
transverse striation remains for a long time intact. 
There is a proliferation of the muscle nuclei, an ac- 
cumulation of fat interatitially and hypertrophic 
fibres are common (diameter of fibres 150-200 ^). 
The disease frequently occurs in families and during 
youth. The muscles in which the atrophy occurs 
show a' simple, non-degenerative atrophy, there are 
no fibrillary twitchings and no reaction of degenera- 
tion. The atrophy is slowly progressive and recov- 
ery never results. 

Course. — According to the beginning of the 
atrophy several forms have been described, which, 
however, toward the termination of the disease fall 

■■in with the single type. 

b' These forms are : 

(a) Fseudohyper trophy. 
It begins in early childhood with weakness of the 
back muscles and of the muscles of the lumbar and 
upper thigh region. The muscles themselves are 
fj^quently unaltered in their form, but on account 
of the fatty infiltration (lipomatosis) they appear 
hypertrophic. These children cannot rise from the 
ground without helping themselves with the hands, 
the gait is waddling, and Ifiter walking is entirely 
impossible. The spinal column may be carious (lor- 
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(&) Infantile Form. 

This begins in cbildren, frequently witb atrophy 

and paralysis of the face muscles (expressionless face, 

facies myopatbique) , to which is added later atropby 

of the muscles of the extremities of the next form. 

(c) The Juvenile Form. 

This form occurs during and after the age of 
puberty. According to its distribution certain types 
have been made. The shoulder-girdle type shows 
atrophy of the muscles in tbe following order: the 
pectorals, trapezius, latissimus dorsi, serrattiB anti- 
cuB, triceps, and biceps. 

The small muscles of the bands are unaffected. 
The deltoid, the stemo-cleido-mastoid {the reverse of 
spinal muscular atropby !) also remain free. There 
is in addition a thigh-girdle type, involvement of the 
quadriceps, gluteal, and peroneal, the calf muscles 
being uninvolved. 

Both these forms pass one into tbe other and often 
develop simultaneously. 

Diagnosis. — In order to diagnose the muscular 
atrophies one must familiarize himself with tbe ap- 
pearance of the normal configuration of the extremi- 
ties, then it becomes possible to recognize at a glance 
atrophy of tbe lurabricales (sunken spaces between 
the peripheral phalanges), of the thenar and hypo- 
thenar eminences (abnormally hollow), of the peeto- 
ralia (deep hollow under tbe prominently appearing 
clavicle), of the deltoid (flattening of the shoulder), 
of the trapezius (lessening in size of tbe neck), of the 
rhomboidei (abnormal sinking in in the place where 
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normally there should be a pad), of the quadriceps 
(flattening of the anterior surface of the thigh), of 
the peronei (flattening of the normal pad going down 
from the cristaetibiEe), etc. The diagnoeia of any 
individual form is very simple if one observes care- 
fully the beginning of the disease. 

The treatment is symptomatic, orthopedic. 

'.3. Poliomyelitis Anterior, 
(Plate 56, 7.) 

The inflammatory diseases of the anterior gray 
matter of the spinal cord occur in an acute or chronic 
form and injure especially the motor ganglion cells 
therein contained. They thus lead to degenerative 
muscular atrophy and to paralysis. 

(a) Acute Poliomyelitis Anterior. 

Nature. — It occurs in children in the early years 
of life (very seldom in adults). Its direct exciting 
cause we do not know. In form it is au inflamma- 
tion of the substance of the gray matter of the ante- 
rior horns extending out from the blood-vessels. (It 
occurs also epidemically and then runs a course simi- 
lar to the infectious diseases.] 

Course. — In the beginning there Ja fever, vomit- 
ing, delirium. A severe comatose condition may 
exist for a few days, then convalescence eeta in, but 
with this there is found a flaccid paralysis of the 
arms, legs (seldom the face) , and bladder, with loss 
of reflexes and absence of sensory disturbances and 
pain. [Pain may be a very prominent symptom 
during the first few days of the disease.] 
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A part of the paralytic pheoomena disappears after 
a time, another part contiQues (mostly one-sided). 
The muBC'les then undergo a rapid degenerative 
atrophy. 

The reeidiies of the disease which are met later in 
litV iirt! calk'd "spiiiiil ijaralysia of children." They 
are associated anatomically 
with a cicatricial shrinkage of 
I corroaponding anterior 
I tjom (see Fig. 14, left anterior 
I horo). Through the action of 
the antagonistic muscles there 
occurs contracture of the ex- 
tremities. The affected ex- 
'"'"■ '■* tremity remains undeveloped. 

The most common forma of residue are : 
Paralysis of the peroneal extensors (foot in position 
of pea equi DO- varus), paralyais of the upper-arm type 
(deltoid, biceps, brachiaJis, supinator longus), and 
paralysis of the lowtr-arm type (triceps and the ex- 
tensors of the hand). 

Treatment. — In the beginning, rest, baths, leeches 
over the apine, attention to the stomach, etc. Later, 
gymnastics and orthopedic treatment. 

(/j) Chronic Poliomyelitis Anterior. 
Chronic atrophic spinal paralysis is a rare disease 
in adults which may cause a more or leas rapid flac- 
cid paralysis, first of the lower, then of the upper ex- 
tremities, which is associated with degenerative 
atrophy of the muscles. The reflexes are lost. The 
bladder and sensibility are normal. Many musclflB 
may remain unafEected. Recovery i.i possible. 
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To be excluded are lumbar myelitis (disturbances 
f seoBibility) and multiple neuritis (which see) . 
Hyeatment. — Baths, electricity, symptomatic, 

13. Tabes Dorsalis. 

(Plates 72, 73, T7, 4; 57, 4.) 

Nature. — Tabes doraalia consists of a chronic pro- 
gressiva degenerative process in the peripheral sen- 
sory neuron complex, especially in those for the lower 
extremities. That portion especially is degenerated 
that comes from the spinal ganglia and passes into 
the cord; the long tracts in the posterior columns, the 
short ones in the posterior boms, Clarke's columns, 
and the fibres radiating to the anterior horns (see 
page 50) . Degenerative processes also occur in the 
peripheral part of the neuron, in the sensory cuta- 
neous nerves. In addition to these tracts there are 
often diseased other portions of the sensory (central) 
neuron complex, as weU as a part of the motor pe- 
ripheral and central neuron complex, thus constitut- 
ing the combined form. 

As a rule certain definite reflex tracts are first to 
perish (reflex collaterals?) and with these the patellar 
reflex and the pupillary reflex. There is still a great 
deal of obscm^ity as to the starting-point of the dis- 
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For more explicit statements of the anatomy of 
tabes see Plates 73 and 74. 

As has been said, the peripheral neuron complex of 
the lower extremities is most frequently affected, 
D3ucb more seldom that of the upper extremities 
(high tabes); isolated or combined with this form is 
affection of the peripheral neuron of the fifth nerve 
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(especially the descending root) and of the glosso- 
pharyngeal. All these manifestations are parts of 
one and the same disease. 

The cause of the degenerative process for the great 
proportion of the cases, if statistics are to be de- 
pended upon, is previous syphilis. 

Course. — The symptoms, which develop slowly, 
may be considered in three stages : 

1. The Neuralgic Stage. — ^There occur severe 
lightning-like pains whjch are very much worse at 
one time than at another. These pains radiate into 
the legs and are of a lancinating character (lanci- 
nating pains, irritation, posterior root symptoms). 
There are frequently parBBSthesiEe, painful pressure 
sensations in the region of the stomach and abdomen, 
girdle sensation, and distention sensation. 

If the patient now consults a physician there 
can almost always be found two symptoms which 
in combination bespeak pathognonaonically tabes. 
They are : 

(1) Reflex pupillary inactivity (loss of light reac- 
tion, preservation of the accommodative power, con- 
tracted pupils) [Argyll- Robertson pupil], and 

(2) Loss of the patellar tendon reflex (Westphal's 
sign). 

3. The Ataxic Staffe.—Thifi may occur after the 
first stage has continued for some years. It consists 
of the characteristic tabic, ataxic gait. The gait is 
flinging, stamping, uncertain, but not paretic. The 
uncertainty becomes greater when the eyes are closed 
and this constitutes Romberg's symptom (inability 
to stand with the feet together when the eyes are 
In addition to this there are slight disturb- 
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ance of the bladder, lessened pain and temperature 
BeDsibility. Atrophy of the optic nerves may also 
Bhow itself during this stage. 

3. Paralytic Stage.— This occurs after a very 
variable period. The ataxia increases, is very dis- 
tinct even when the patient is in bed, the gait he- 
comes more and more paretic-ataxic, and at last im- 
possible. Ordinarily no special paralysis occurs. 

The bladder and sensory disturbances increase. 

The previously mentioned lancinating pains which 
have been present increase and may be transformed 
to tabic "crises," during which there may be severe 
attacks of vomiting, coughing, difficulty in breath- 
ing, gastric, laryngeal, etc., crises. [It should not 
be forgotten that crises may be a very early symp- 
tom, preataxic in fact.] 

Exudations into the articulations, arthropathies 
(trophic?), ulcer formation (mal perforant) are 
common. 

Not infrequently earlier in the course of the dis- 
ease there develop ocular palsies, paralysis of the 
trigeminus, and migrainous conditions. 

Diagnosis. — The diagnosis is an easy matter in 
the ordinary case, but it may be rendered difficult by 
an uncommon onset, absence of important sympton^ 
(no pupil immobility, preservation of patellar reflex, 
etc.). 

To he excluded are multiple neuritis (which see) 
and hereditary ataxia (see also) . 

Treatment. — Anti-luetic treatment is of doubtful 
utility, treatment by baths, rest, electricity, mas- 
sage, increasing nutrition, suspension, silver nitrate, 
ei^t, narcotics, etc. 
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lit-. Hereditary Ataxia {Friedreich's Disease). 
{See Plate 76.) 

Nature. — This is a combined system disease; in 
addition to tlie degeneration of the posterior coluimis 
there is also degeneration of the lateral cerebellar 
tracts and of the pyi'amidal tracts. InvolvemeDt of 
the cerebellum ia probable. The disease occurs in 
families. 

Course. — The disease begins dming youth With 
intense increasing disturbance of co-ordination in the 
movements; and niaintenance of position of the ex- 
tremities, the body, and the head is difficult. 

Ataxia of the legs, arms, and Romberg's symptom 
occur early. Ataxia of the trunk is manifest when 
the patient is sitting as well as when he is moving. 
The gait is tumbling, simulating that of cerebellar 
ataxia, and paresis of the body and extremities grad- 
ually becomes more prominent. 

In addition to these there are nystagmus, some 
disturbance of speech, and mild disturbance of sen- 
sibility and of the bladder. 

Diagnosis.— The patellar reflex is lost, the pupil- 
lary light reflex normal (in contradistinction to 
tabes), The neuralgic pains characteristic of tabes 
are absent. 

The disease progresses slowly until there is com- 
plete paralysis. Its duration is of many yearB. 
Recovery is unknown. 

Treatment, symptomatic. 

Similar to hereditary ataxia, there occur other 
forms of combined system diseases, which give 
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e in great measure to symptoms of spastic spinal 
paralysis combined with alight disturbances of sen- 
fiibility and of the bladder. In this category belong 
the hereditary form of spastic spinal paralysis (in- 
volvement of the pyramidal tracts, the posterior col- 
umns, and the direct cerebellar tracts), and other 
forms which are less well known. 



rv. DISEASES OF THE PERIPHERAL NERVES. 

A. Diseases of Individual Nerves. 

The most varying causes may lead to lesion of the 
peripheral nerves. Aside from trauma it may arise 
from tumors of all kinds (tumors of the soft parts, 
small exostoses in the bony canals, neuromata), cica- 
tricial processes, inflammatory diseases which injure 
the nerves mechanically (compression neuLitis); quite 
as frequently it arises from causes operating chemi- 
cally, the formation of toxic substances during and 
after acute infectious diseases which injure individ- 
ual nerves (toxic neuritis). It may also develop 
spontaneously (inflammatory). Disease of individ- 
ual nerves occurs not infrequently (especially facial 
neuritis) . 

If the neuritic process is severe there is a ( 
degenerative destruction of the nerve fibres which 
eventuates in connective-tissue sclerosis. In the 
milder forma of the degenerative process (parenchy- 
matous neuritis) complete restitution of the nerves 
may result (in contradistinction to lesion of the 
cord). The forms of the disease are classified accord- 
I iog to their severity : 
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Diseases of the Motor Nerves. 



^^^B All the above lesions when of purely motor or 
^^^1 mixed nerves are attended hy symptoms which are 
^^^1 partly paralytic and partly irritative, such as local- 
W ized muscxilar contractiouB, in the area of distribution 

I of the nerve. 

I The paralyses that result are classified according to 

I their severity (depending upon the severity of the 

I neuritic process) into a severe, a moderate, and a 

^^^ mild form. (For further details concerning the diag- 
^^^K nosis see Electro- diagnosis, lY., p. 116). 
^^^1 Tlie most common individual paralyse are of the 

^^^^ seventh nerve (due to rheumatism and diseases of 
^^^1 the ear) ; paralysis of the musculo-spiral (most often 
^^^H compression palsy, sleep palsy, and toxic such as 
^^H^ lead palsy) ; paralysis of the recurrent laryngeal 
(from aneurisms and tumors) ; paralysis of the spinal 
accessory; paralysis of the brachial plexus (birth 
palsies) ; and paralysis of the median and ulnar 
nerves (the result of wounds). For further elucida- 
tion of the symptoms of these and other possible 
paralyses see TV., 3, pages 102, and the following. 

The moat common locahzed muscular spasms from 
disease of individual peripheral nerves are: 

Facial spasm, clonic contractions of the entire face 
musculature on one side, tic convulsif. Blepharo- 
spasm constitutes a partial form of this and consists 
of a tonic and clonic spasm of a lid. 

Spasm of the muscles of mastication (trismus, a 
tonic variety of spasm frequently of central origin). 

Spasm of the spinal accessory, spastic torticulllB, a 
severe form of tonic-clonic spasm in the outer part of 



SPECIAL PATHOLOOT AND THERAPT, 213 

the trapezius, the sterno-cleido-maBtoid, and often 
also in the other ne<;k muscles innervated by the cer- 
vical plexus Buch as the splenitis, etc. The latter may 
be involved alone. 

Clonic spasm of the diaphragm, singultus, and 
spasm of the calves (crampus sensu strictiori), etc., 
may occur. 

The cause of these spasms ia nevertheless not al- 
ways a lesion of the peripheral motor nerves, fre- 
quently they are produced reflexly, e.g., by severe 
neuralgic pains. 

It is often very difficult to dififerentiate between 
spasms of central (psychical) origin and those of 
peripheral causation. Both factors may be opera- 
tive simultaneously to produce spasms; peripherally 
operative factors in centrally predisposed dispositions. 

As forms of spasms occurring in this way may be 
reckoned the spasms of gaping, crying, laughing, 
yelling (see hysteria), saltatory reflex convulsions 
(contractions on attempting to walk), paramyo- 
clonus multiplex (see hysteria), as well as many of 
the so-called occupation neuroses, which are fre- 
quently disturbance of the function of muscles used in 
the performance of certain work of a co-ordinative na- 
ture, such as writing, sewing, violin and piano play- 
ing, occurring in persons affected with neurasthenia. 

Writer's cramp (mogigraphia) consists of involun- 
tary cramp in the muscles of the hand and fingers 
associated with tremor, weakness, and painful sen- 
sitiveness of the hand. It may cause complete ina- 
bility to write (spastic, paralytic, tremulous, neu- 
ralgic form) . Psychical excitation and fear increase 
the inability (as in stuttering). 
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Treatment. — Occasional giving up of writing, 
stout penholder, Nussbaum'a holder, cold applica- 
tions, massage, gymnastics, electricity, use of the 
typewriter. 

Betnark. — Similar b) the occupation spaatns there occur oc- 
cupation paleies (which may be aasociat«<) with atrophy of the 
musclea) in connection with severe labor, such aa in smiths 
(involvement of the small musclw of the hand), drummera 
(thumb muscles), and in milkers (ulnar paralyaie) , etc. 

Treatment of the other palsies and spasms is 
scarcely necessary in the Ughter forms ; they recover 
by themselves, still ulectricity and massage may be 
used. In the severer forms treatment is of very 
little use. Electricity, massage, gymnastics, bath- 
ing, counter-irritation of the akin, cauterization in 
spasma, may be tried. Tor the psychical treatment 
see Neurastheuia and Hysteria. 

2. The same variety of causes produces in the sen- 
sory nerves, anaesthesias in a similar distribution to 
the paralyses, and often severe neuralgic pains in 
areas corresponding to the irritative symptoms. 

The last are of much more significance than the 
first. These periodically occurring pains, neuralgias, 
are frequently associated with paraesthesias and mild 
disturbances of sensibility in the area of skin to 
which theinvolvednerveisdiatributed. They follow 
moat frequently in the wake of the infectious diseases, 
such as malaria and influenza, also after toxic disea- 
ses such as syphilis, diabetes, gout, and nephritis. 
They are produced mechanically by tumors, scars, 
neuroma; and lastly the spontaneously occurring , 
forms (neuritis?) may be accompanied by skin disea- 
ses such as herpes zoster, urticaria, and erythema. 



ML 



SPECUX PATHOLOGY AND THERAPY. 215 

Diagnosis. — Neuralgia should be diagnosed only 
when the attacks of pain are confined to the exact 
distribution of the involved nerve and its branches, 
and furthermore when the nerve is sensitive, espe- 
cially at the point of exit from its bony canal. Fre- 
quenlly it is possible to produce an attack of pain 
by pressure on such a point (points douloureux). 

The most common neuralgias are : 

Trigeminal neuralgia (tic douloureiix, reflex facial 
spasm). In most cases only one branch is involved, 
thus causing supraorbital, infraorbital, inframaxil- 
lary neuralgia, and neuralgia of the tongue; pressure 
at the point of exit of these nerves (the supraorbital 
fissure, infraorbital foramen, mental foramen) pro- 
duces pain. 

Occipital neuralgia (occipitalis major), intercostal 
neuralgia (intercostal nerves), sciatio neuralgia 
(sciatic nerve), sciatica. 

This most stubborn, frequent form of neuralgia 
causes pain extending from the hip to the knee and 
eventually to the outer side of the foot (distribution 
of the sciatic). Sensitive points are at the ischiatic 
foramen, the posterior surface of the upper third of 
the thigh in the middle of the gluteal fold, and in the 
middle of the popliteal space. Pain occurs when the ' 
thigh is flexed if at the same time the leg is extended 
(puts the nerve on the stretch). The leg muscles 
may atrophy and scoliosis may delevop. (To be ex- 
cluded in making a diagnosis are carcinoma of the 
rectum, coxitis, tabes dorsalis. Examine the urinel) 

Other forma of neuralgia are spermatic neuralgia 
(irritable testicle), eoccygodynia, and articular neu- 
ralgia. 
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Treatment, — Discnver the cause (syphilis!), gal- 
vanization (application of anodal weak current), 
counter-irritation of the skin, mustard leaf, blister 
plaster, scarification, aweat baths, hot baths, warm 
applications bettor than cold massage. 

Use may be made of such anti-neuralgics as the 
lalicylates, antipyrin, analgene, etc., and of arsenic 
\ and potassium iodide. 

Only in most severe cases should morphine or co- 
caine be used. As last resources resection of the 
nerve and stretching may be tried. 

B. Multiple Nbdeitis. 
(Plat* 78.) 

Nature. — ^This consistsof the simultaneous disease 
«rf several nerves and is almost enlirelj-of toxic or 
infectious origin. It occurs after diphtheria, tuber- 
culosis, typhoid fever, intluenza, erysipelas; it also 
results from syphilis, gonorrhtea, diabetes, alcohtJ- 
isni, lead and arsenic poisoning, etc. 

Anatomically the disease consists for the most part 
of a parenchj-mntous degeneration (primary destnic- 
tion) of the medidlated nerve fibres, accompanied by 
secondary interstitial changes (round-cell infiltrstitxi, 
sclerosis). Perineuritis and interstitial neuritis occor 
less fre>|uently than this paiencfaymatoos oearitis. 
Involvement of ganglion cells in the anterior bom is 
very probable in many cases (and not always secoo- 
dnry). but the significance of snch involvemmt is 
disputed, i.e.. whether primary or secondary. 

Course. — Multiple neuritis come? on ratfafar acotelj- 
with general febrile symptoms, increRsed and pvft- 
fol seosibility, and panestfaesia which is sood bA- 
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lowed by appearances of paralysis of muscles, which 

in severe cases is accompanied with degenerative 
atrophy. Its distribution is mostly symmetrical. 
In some cases there may be ataxic disturbances of 
motility combined with muscular paresis. The mus- 
cles moat commonly involyed are the exteneors of the 
arm and legs, the psoas and the peroneal ; but any 
muscle may be involved. 

The reflexes within the involved area are lost; 
there are such disturbances of sensibility as hyper- 
eesthesia, pariesthesia, and anseathesia. The mus- 
cles may manif&at all tho various forms of reaction 
of degeneration (see IV., p. 130). The nerve trunks 
and muscles are painfully sensitive to pressure. 

After a variable time, from weeks to months 
(acute, subacute, chronic forms, see Electro-diag- 
nosis), there follows slow recovery. Entire recovery 
is the rule, but severe cases may terminate fatally in 
a short time from involvement of the vagus or from 
complications. 

Depending upon whether the sensory or motor 
nerves are more involved, there has been separated a 
motor, a sensory, and an ataxic form, but a strict 
limitation to any of these forms is not possible, the 
symptoms of a single case being made up of these 
three varieties together. The ataxic form, on ac- 
count of its similarity to tabes, has been called 
pseudo-tabes. The principal forms of multiple neu- 
ritis are : 

(a) Alcoholic Neuritis. 

Motor form: Saccid, double-sided paralysis of the 
peronei, the quadriceps, the glutei, tJie common ez- 
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tensors of the fingers and toes, the extensor pollicis, 
etc. 

The patellar reflex is lost and there occur disturb- 
ances of sensibility and par£esthesife. 

In other cases the prominent symptoms are radiat- 
ing pains, par^Bsthesi^e, sensitiveness to pressure of 
the diseased nerves and muscles, while in others 
ataxic disturbances of the gait with muscular paresis 
and later atrophy (the pupillary light K&ex pre- 
served, contrary to tabes) are the symptoms that 
come prominently into the foreground. Not infre- 
quently there exist at the same time other manifes- 
tations of alcoholism, such psychical disturbances as 
delirium, maniacal state, and mental confusion. 



(6) Diphtheritic Neuritis 

occurs generally as a motor form and especially of 
the muscles of deglutition (accessory vagus), of the 
eye muscles (diplopia), and of the muscles of accom- 
modation. In severe cases the patellar reflex is lost 
and there may be a flaccid paralysis of the extremities 
and vagus paralysis. 

ic) Lead Neuritis, 

(In type-setters, painters, etc.) This form involve 
especiafly the muscles of the posterior surface of the 
forearms, hands and fingers which are supplied by 
the musculo-spiral nerve, the supinator longus escap- 
ing. In addition to this there may be manifestations 
of sensory irritation such as lead colic, paraesthesise, 
and mild disturbances of sensation. 
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(d) Arsenical Neuritis. 

It produces especially severe senaory disturbances 
(parEeathesia of the fingers, pains, disturbances o£ 
sensibility) in addition to the symptoms of paralysis. 

Remark. — The name acroparrasthesia has been gi\en to a 
pamful parEestlieeia of the finger lipB, without motor dinturb- 
ancea, a disease of unknown origin somewhat airailar to ar- 
senical neuritis. 

[It IB more than probable that acroparsestbesia is most oft«a 
direct!; dependent upon and aaaociated ivith Vasomotor and 
vascular "vi 



(e) Infectious Polyneuritis. 

This is of tinknown, but certainly of infectious 
origin. The disease begins with general febrile 
symptoms, severe neuralgic pains which are spon- 
taneous and producible by pressure. Rapidly devel- 
oping muscular iveakness leads to flaccid paralyses, 
mostly of the legs, then later of the arms (ascending 
variety). The tendon reflexes are lost, and disturb- 
ances of sensibility, oadema, tachycardia, difiiculty 
of respiration (involvement of vagus) occur later. 

The duration of the disease is very variable. Re- 
covery is the rule, but death may occur from involve- 
ment of the vagus. 

This form has heretofore been known as Laudry's 
paralysis. Changes in the spinal cord may be pres- 
ent in the form of certain (secondary) degenerations. 
There occur also cases with accompanying foci of 
myelitis (myelo-neuritis) , Their exact diagnosis is 
difficult and the prognosis is unfavorable, 

Bemaj'fc. — A very similar clinii-nl picture Is caused by acute 
poliomyositis, a disease etiologically related to infectioua 
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polyiieuritiH. In these cases the BenBitiveneaB of the mnacles 
precedes tb% neuritic pain for several days. There nre fur- 
thermore no dieturbances of aeDsibility, DO reaction of degen- 
eration, but there are gpneral febrile symptoms, severe paraly- 
sis, and cedemn. Trichinosis is to he carefully excluded. 

Anatomically there are found inflammatory changes in the 
muscles (round-cell infiltratioii. etc.). 

Myoaitic changes are also frequently found ia coses of pri- 
mary neuritis. 

Diagnosis. — In order to establish the diagnosis of 
neuritis in ifs different forms it is necessary to ex- 
clude tabes (immobility of the pupils, disturbance of 
the function of the bladder, ocular palsies, promi- 
nence of the ataxia, absence of muscular paresis in 
the beginning of the disease, the history of the pa- 
tient) ; lumbar myelitis (bladder disturbance, no sen- 
sitiveness of the nerve trunks to pressure) ; polio- 
myelitis anterior (no disturbances of sensibility, no 
sensitiveness to pressure, no spontaneous pain). Ex- 
amination of the urine for sugar, albumin, and lead 
is of the greatest importance. 

Treatment — Removal of the cause (alcohol, lead), 
Ijossibly anti-luetic treatment, rest, salicylates, anti- 
pyrin, and later the use of electricity, gymnastics, 
m^sage, and baths. 



1. Basedow's disease is a term applieil to a symp- 
tom complex consisting of exophthalmos, struma 
(vascular), tachycardia (pulse 100 to 160) in combi- 
nation with other nervous manifestations. These 
are tremor, abnormal sweating, heat feelings, and 
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irritability. The bulging eyeballs are not properly 
covered by the lids (Stellwag'a symptom) and when 
the eyes are directed downward there is a dissocia- 
tion between the movenient of the globes and the 
movement of the lids (Graefe's symptom). The in- 
ternal recti muscles are often insufficient (Mobius' 
symptom) . The disease has been supposed to be de- 
pendent upon abnormal activity of the thyroid gland 
(toxic), while others consider the seat of the disease 
to be the medulla. 

Tha symptoms may be of very varying severity 
and atypical cases are not very infrequent. The 
duration of the disease may be many years. 

Treatment. — Bromides, arsenic, phosphorus, so- 
dium carbonate (30 to 150 grains a day), attention to 
nutrition, electricity, local applications, baths. Digi- 
talis ia- useless. [The careful use of aconitia, jj-f 
grain pills, 4 to 10 to be taken daily, is strongly 
recommended by Seguin.] 

2. Myxcedema. 

Myxcedema develops simultaneously with the dis- 
appearance of the thyroid gland and the disease 
stands in relationship with disease of this organ; 
loss of its secretion apparently causing the diseased 
process (opposite of Basedow's disease?). The dis- 
ease has followed complete extirpation of the gland 
(cachexia strumipriva). 

The symptoms of myxcedema are : the occurrence 
of a disfiguring redema in the skin of the face and 
hands. The alfin becomes thick, peeling, and dry. 
Movements become uncertain and clumsy. Then 
follow mental apathy and dementia. 
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TVea (men ^— Feeding with thyroid substance is 
followed by good results, as is injection of the juice 
of the thyroid, the glycerin extract, tablets of the 
thyroid and desiccated thyroids internally. 

[The tablets of Burroughs, Wellcome & Co. have 
given best results in this country.] 

S. Acromegaly. 
(Plate 77, 3.) 

In this obscure disease there occurs progressive en- 
largement of tbe fingers, hands, feet, nose, lips, jaws 
(the ends, "akra," of the body) which leads to per- 
maneat deformity. There may be atrophy o£ the 
optic nerves and ocular paralyses the result of pres- 
sure of an enlarged hypophysis in the sella turcica. 
Glycosuria is often present. 

Other diseased conditions which might belong here 
have been briefly considered in Section IV., 4. They 
are hemiatrophia facialis, circumscribed cutaneoiis 
cedema, erythromelalgia, and symmetrical gangrene. 

4-. Tetany, 
This, consists in the occurrence of recurring attacks 
of spasms especially of tbe flexor muscles o£ the fin- 
gers (claw hand), arms, and toes. The spasms 
occur symmetrically and can be produced by pressure 
on the trunks of the nerves (Trousseau's phenome- 
non). The attacks may recur for several weeks and 
longer. 

Remark. — Tetaniforra spasms, eepscially of the flexare of 
tbe fingers and of the calf muscles, are very conimoo symp- 
toms of neuritis iu alcoholic patients and in individuals who 
have some afftsctiou of the stomach. They may also occur in 
healthy individuals {hand -workers) . 
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Tetanus is a disease which follows infection of a 
wound by the tetanus toxin of the tetanus bacillus. 
Through such secondary infection, even after slight 
wounds, there may arise tonic convulsions of the 
entire musculature of the body. 



SECTION VI. 

Bemarks upon the Conduct of an Autopsy 

and upon the Methods of Procedure in the 

Microscopic Investigation of the Nervous 

System. 

At the autopsy on cutting into the cavity of the 
brain and spinal cord one should be mindful from the 
beginning that an eventual later microscopical inves- 
tigation of the central organs may have to be made. 
Such an investigation must frequently be carried out 
for a more exact establishment of anatomical rela- 
tions, inasmuch as the macroscopic condition often- 
times gives information only of gross focal lesions 
but never of the various forms of degenerative dis- 
eases. 

Unfortunately this guiding point of view is often- 
times ignored. 

The autopsy in such cases should be made as 
quickly aa possible after death, never later than 
twenty-four hours. In diseases of the spinal cord the 
corpse should be allowed to lie upon the belly until 
the autopsy is made, in order to avoid disturbing 
jtost-mortal blood gravitation. 

The greatest error made in autopsies that are 
generally carried out by rule of thumb is due to 
thoughtless cutting, pressing, and tearing ; by such 
procedures a thorough, systematic investigation is 
oftentimes made impossible. 
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Even in the removal of the brain sufficient pain is 
oftentimes not taken. If the membranes (tentorium, 
etc.) are not completely loosened, the cer\'ical cord 
and cranial nerves not entirely severed, the parts 
must be torn forcibly apart and this may cause entire 
destruction, for example, of the soft parts of the 
brain. 

In the next place many, for the most part unneces- 
sary, incisions are made into the central ganglia, 
corpora quadrigemina, etc., which make later orien-" 
tation in serial sections very difficult. It is custom- 
ary to make incisions through the central ganglia 
obliquely, and thus such dislocation of masses of 
the soft brain occurs that in later microscopic section 
they are unrecognizable. An exactly horizontal or 
frontal section shotild be made, or better none at all 
on the fresh brain. 

The brain should never come into contact with 
water, otherwise subsequent hardening becomes in 
part illusory. 

It is best, after opening a diseased focus by hori- 
zontal, superficial incisions, not to insist upon a reve- 
lation of all details (not very much more is attained 
by ever so many incisions), but to undertake an 
exact investigation first after hardening in Miiller's 
fluid * has been completed. This can bo done after a 
few weeks without harm if the brain is kept at a 
warm temperature (30° C, uot more) and if the pre- 
caution be taken to open the lateral ventricles and to 
sever the corpus callosum. In this way orientation 

* Bichromate o( potassium 3 parls, aulpbate of soda 1 part, 
and distilled water 100 parts. 
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is much easier and a recent, previously inviBible de- 
generation is recognizable at the first glaoce. 

The Bpiiial cord is often maltreated by the chisel 
and forceps. Diseased, softened portions particu- 
larly tear at every strong pull or pressure. Here 
also one should not in the beginning make too many 
incisions. Nothing can be made out with certainty 
in the freeh state. It is vfell in separating the pos- 
terior roots to carry the knife as far outward as pos- 
sible; in this way one is able oftentimes to retain a 
part of the spinal ganglia with the posterior roots, 
especially in the lumbar cord. 

In the removal of diseased nerves and muscles one 
should be guided somewhat by a consideration of the 
course which the disease had run; otherwise one 
will rue too late some omission. Nerves should be 
boimd to small pieces of wood and, as with the mus- 
cles, labelled carefully (name, side, level of the re- 
moved part, and date) . 

The protocol of the autopsy should be as complete 
as possible. The condition of the bony cavitiea of 
the skull and the spinal cord should be observed, ^so 
the state of membranes and vessels. The contents of 
the ventricle should also be remarked before the re- 
moval of the brain. 

The microscopic investigation can be carried out 
in some cases (in recent focal diseases) immediately 
after the autopsy without previous hardening of the 
central organ, A small part is cut off with the scis- 
sors and teased upon the slide. Granular cells, 
braken-down nerve fibres and cells, and broken-down 
mut-cle fibres may in this way be recognized. 

They will be more distinctly apparent after a ra|iid 
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Htaining (by addition of a drop of one-per-cent methyl 
blue or of hiematoxylin) . 

Degenerated parts may be put after removai and 
after they are cut into small pieces in a one-per-cent 
osmic-acid solution which should be kept in the dark. 
After twenty-four hours the deatmetive products (fat 
corpuscles) will be stained very black. The results 
will be better if pieces are treated after the method of 
Marchi, i.e., place small pieces first for a short time 
in Miiller's fluid (not alcohol!) and then for twenty- 
four hours in osmic acid. 

For all systematic microscopical investigation the 
process of hardening needs to be carried out with th© 
greatest care. This consists in the proper use of 
Miiller's fluid and alcohol. 

If the purpose be to investigate specially the nerve 
fibres for degeneration the parts should be hardened 
in Miiller's fluid. If the ganglion cells are to be care- 
fully studied for the results of inflammation then the 
hardening should be in alcohol. 

Often it is necessary to carry out both of these 
procedures, in which case it is most serviceable to 
harden the great mass of the brain, cord, nerves, and 
muscle in Miiller's fluid, while small parts are re- 
moved from various levels and prepared for the re- 
ception of the nuclear stain by being hardened in 
absolute alcohol. In those that are prepared in the 
latter way bacteriological investigations may be made. 

The hardening in Muller's fluid requires for the 
brain several months, but the process may be very 
much shortened by keeping the solution at a temper- 
ature of 30° C. A higher temperature should be 
avoided. 
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The solution should be changed with sufficient fre- 
quency so that it remains clear. At first (for the 
first week), particularly if it be kept warm, it is nec- 
essary to change it daily, later very much less often. 
As the hardening progresses it is well from time to 
time to make new incisions (horizontal or frontal) 
into the substance of the tissue to facilitate the per- 
meation of the chrome salts. 

Examination should not be undertaken until the 
pt-ocess of hardening is entirely completed; in this 
way misleading artihcial products will be avoided. 

Hardening in alcohol is only a matter of a few 
days and it is necessary to change the absolute alco- 
hol frequently. 

After the hardening in Muller's fluid is completed 
small pieces of the parts to be examined are put in alco- 
hol without previous washing in water ami thus the 
hardening is completed. After this, for the purpose 
of serial sections, comes the embedding in celloidin, 
first in a thin, then in a thicker solution. After 
from five to twenty days, longer for larger pieces, 
the pieces are fastened to corks and put in a seventy- 
per-cent solution of alcohol until cut, which may be 
done if it is desired after a few hours. 

It is not necessary that the sections be cut very 
thin. If it is desired to make an uninterrupted 
serial section through the entire piece of tissue or 
cord, as the case may be, a number of slides are pre- 
pared by dropping on one slide sufficient of a thin 
solution of celloidin to cover it thinly. Then strips 
of toilet paper of the width of the slide are used to 
remove the sections from the knife of the microtome 
as fast as they are cut. In order to prevent the sec- 
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tionB on the strips of toilet paper from drying while 
a sufficient aeries to cover a slide are being obtaioed, 
it is necessary to keep the strips moistened with 
alcohol. This is moat easily done hy saturating a 
piece of blotting paper in seventy-per-cent alcohol, 
■which is kept on the plate on which the pieces of 
toilet paper rest while the series is being cut and 
■while a number of series is being prepared prepara- 
tory to being transferred to the slides. This trans- 
ference is accomplished by sinaply inverting the strips 
of toilet paper on to the side of the slide that has been 
prepared with celloidin. 

Staining is then carried out in the parts hardened 
in Miiller's fluid according to the method of the Wei- 
gert-Pal stain for the medullary sheatha and by the 
carmine stain for the ganglioaic cells (eventually also 
double carmine staining) and in the pieces hardened 
in alcohol according to Nissl's method, the technique 
of which can be found in the text-books of Kahlden, 
Friedlander-Eberth, and others. 

By means of the stain for the medullary sheaths 
one gets a black coloration of all niedullated nerve 
fibres ; in case where these are not properly preserved, 
that is, degenerated or disappeared, the black colora- 
tion does not take place, i.e., such areas appear to 
remain unstained, light. The fat cells of the me- 
dullary sheaths make a chemical combination with 
the hiematoxylin coloring matter, the expression of 
which 13 the black coloration. 

The modern method of silver impregnation of 
Golgi and Cajal can be used for pathological eluci- 
dation only under certain conditions, inasmuch as it 
is irregular in its action. 
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A knowledge of the structure of the nervous sys- 
tem is to be reached by the following methods of in- 



1. By the making of a series of serial sections 
throughout the normal developed organs of man and 
its subsequent reconstruction after they have been 
impregnated with the various pigments (Stilling's, 
Meynert's, etc., method). 

2. By the investigation of pathological cases, es- 
pecially by secondary degeneration (methods of Tiirck 
and Waller, etc.). 

3. By the method of comparative anatomy and 
comparative embryology (method of Meyuert and 
Edinger) . 

4. Through the developmental method (observation 
of the time of appearance of medullation) (Kolliker's, 
His', and Flechsig's methods). 

5. Through investigation by means of artificially 
produced degenerations (Gudden's, etc., method). 

These methods have been made use of as far ae 
possible in the preparation of the plates of this atlas. 
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^1 ILLDSTRATIOK'S. 1 


^^^1 a. anterior. 


cip, poaterior ema of tha internal ■ 


^^^^K At. bBBllar arUirj. 


eapaule, 1 


^^^^B Ace, srteria corporis calloni. 


cL, Lnya- body (e.sfcIA, corpus 1 


^^B ol, aora iBDtiformiB (loop of the 


subtbalainioum). 1 


^^H lectlcuUr oucleusj. 


CI, Clarke's column. J 




CI. clHuBtrum (brain). 






' AS. Aqueduct of Sjlvlua. 


Cp. posterior horn (spinal oord). 


A/a. Artaria fossiB Sylvll. 


cp. posterior horn CentrfcleJ, 


Av. vertebml artery. 






ego, anterior quadrlgemlDBl body. 




aip. poaterior qiiadrigcmiQal body. 




er. reatiforra body. 






corpora quadrisemintt). 


est. corpus striatum. 


B«lb. olf. olfBCtory bulb. 


e(. central teKniautol tract 




ctr. corpus trapexaldea. 


Ca. BBterior barn (spinal oard]. 








cord and brain). 


d, dura mater. [sans. 


oa. oomu anterior OMeral rentrt- 




elB.) 


junctivum. 


cAm. cornu Ammonia. 


Dfc.PgT., decussation of pyramida 


C6, oarebelium and lateral cere- 




bellar tract In the aplnal cord 


fa. remalna of anterior column. 


and medulla. 




ee. corpus callosum. 






fal. reuiains of antero - lateral 


bodyl. 


column. 


a. Bitenial capsule. 




ceru, cervical. 








cgm. niedlao geniculate body. 


fG. column of Qoll. 




Ft. flocculus. 




fl. lateral limitln); layer. 


^■H do. anterior cms oC the Internal 




H^ capsule. 


fip. ( ulua. 


^H. J 



^^H^33i ABBBSTUnOlTB VS 


THB lU-UBTSAnOSS. 


^^^1 fp, posteHor uolunm. 




^^H F.rhomb, rlmmboid fcasa, fourth 


gp, poaicflorquadriKeninal body. 


^^M TeutHcle. 


S, raphe of the tegmaDtuni and ' 


^^B fS. fossa or &;1v<UB. 


pons. 








fie, ramus aneriotuiB communi- 


^■^ g.ce«t. centrai gjri. 




f B.A. Irontttl ejTOB. 






B.s«6[ft, Bubthfllamie region. 


glp, itlobUH pallidua (internal lan- 


5a, anterior lonKltudinal sulcus. 








root of Che ninth and leuthj. 






^^m go. occipital gyrus. 


hora). 


^^M 00. QratlolefB rlsual radiation. 


Sn. spbstantia nigra. 




ap, poaterior lonRitudinal sulcus. 


^^ 0<. temporal eyruB. 








L. LlaSHUBr-s flBld. 


'meuti. 




8h-.s, (m and 0. superior (middle 




and inferior) layer. 




if.n. strl^acuatlcn. 


^^L m. median. 


(, tienia thalaniL 






^^H n, Dodulufi. 


rft, optic thahunuB. 






^^M SB. tiudeu« of Bu^Mh. 


trill, alf. trlsnnnm olfactlvtim. 


^^^B nc, caudate nucleus. 
^H 7^0. nucleus arcitomilB. 
^^M ya. nucleus of QoU. 


J7, uvula (vermisj. 


V. ventricle Clateral. median. 


^^M nVIlId. dorsal nncleui of auditory 


third). 


^^H 


vIV.. fourth ventricle. 


^^H nVllIv. ventral aucleuB of aadi- 




^^H tory uerve. 


Vi. Inferior vermlB of cerebellum. 




i-. vertebra. 


^^H O.'ollTe (inferior. laFRe). 


vma. velum medull. asL (with 


^^H ol.ni. median auceEwry olivary nu- 


liDgtila). 


^^H 




^^^H olp,. poBterior accessory oliTary 








^^H oi.s. superior olive. 




^^H p, pia mater. 


Pn, aasal. abcending root of tri- 


^^H p. poBteHur. 


gemlauB. 


^^B Ped. peduncle (cerebral). 


Pi, seaBory nuclena of tiigemlDDs. 


^^H Pl.ch, choroid pleina. 


VnicN. cochlear branch of audi- 


^^^H Pulv. pulvlnar. 


tory aervB. 


^^H Pat. putsmca. 


Vnivy. vestibular branch of audi- 1 




tory oervB. 
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